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THE MAKINH OF THE EAKTU 

PAUT I 


INTROIJUCTION 


THK ORIGIN OF THE EARTH 


CHAPTER I 


The making of the earth has always beer 
an attractive problem to thoughtful minds 
The simple solution of the writer of iEccIesi' 
astes that “ tlie earth abidetlr for 
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illuminated by the penetrali%’e insight of 
modem instruments have discovered for this 
subject a firm, though still incomplete, founda- 
tion of fact. 

The origin of the earth deals with events 
of primeval antiquity and with conditions 
very different from those of the present time. 
Hence it is not surprising that we find the 
problem attended by many uncertainties, for 
we only know the earth after it has waxed old 
and we only look uj)on the earth’s cold outer 
surface. Of one fact we can, however, be 
sure; the earth originally part of a much 
larger and less compact mass, from which 
came all the other meml)ers of the Solar 
System. 

The earth is not unique in structure or 


we see in the sky at night are similar to the 
earth ; for the spectroscope shows that some 
of them are eomposed of similar materials; 
some also of the fragments of .shooting stars- 
that fall upon the earth consist of the same 
minerals as the rocks of the earth’s crust. 
That the earth and the other members of the 






Solar System consist of similar materials, 
though not necessarily in the same propor- 
tions, follows from their origin as fragments 
of a formerly continuous mass. 

The Solar System consists of its central 
body, the sun, and of a series of smaller bodies 
which revolve around the sun. The largest 

lets, 

which travel on regular and nearly circular 
paths known as their orbits. The planets are 
attended by moons which revolve around 
them. There are also many smaller bodies, 
the minor planets or planetoids, of which over 
live hundred have been seen; they range in 
size from twenty to four hundred miles in 

bly 

many others which are so small that they have 
not yet been seen. Still smaller than the 
minor planets are the bodies which are called 
planetesimals, as they are inEnitesimally 
small planets. There are also countless 
meteorites which travel around the sun either 
singly or in swanns, and the comets whose 
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planets, the planetesimals (or planetismals) 
and many meteorites were doubtless originally 
all parts of one vast body, which was spread 
out loosely over the space now occupied by 
the Solar System. Each member of that 
system has been formed by the concentration 





INTRODUCTION 

comets, but their orbits may have 
altered from their original positions. Se 
the eight major and the hve hundred i 
planets all move a^ound^the sun in the 
direction, and with a few exceptions 
moons revolve around their planets in 
same direction. 

-The movements of the members of the < 
System may be illustrated by reference 
Catherine wheel or to a mon. Aa a Pof-k 
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szontaJly over a smooth surface then the drops 
thrown off may be seen to fly outward and also 
to move forward in the same direction as the 
movement of the mop, and each drop will 
spin in the same direction. Similarly if the 
major and minor planets and planetesimals 
were all formed from a vast loose body which 
was spinning around its centre, they should 
all move forward in the same direction, and 
unless disturbed by later influences should all 
revolve in the same plane. 

It has indeed been estimated that the odds 
against this uniformity of movement being 
due to any other cause than that all these 
bodies were once part of one body which was 
spinning around its centre are many billions of 
billions of billions to one. It is therefore 
practically certain that the earth is a fragment 
of a once much larger and looser mass ; but 
as to the nature of that body opinion is still 
divided. 




< t > ■: 



THE NEBULAR 0III6IN 

Before the material of the Solar System 
was collected into compact bodies, it was 
widely spread out and existed as a nebula. 
“ Nebula ” is the Latin word for fog, mist, 
or vapour, or a slight thickening of the air. 


Fig. 2. — Diagram showing the position of the Great Nebnia 
of Orion (N) m relation to the Belt of Orion — the three stars 
la itt© (1). 

and the nebulae are cloud-like luminous patches 
sometimes appearing like wreaths of smoke. 
Most of them are so faint that they cannot 
te seen by the naked eye, and many can only 
be recognised by the aid of photography, 
even when their position is viewed through the 

most powerful telescopes. Two of the nebulae 

! ' '' 15 


16 THE MAKING OF THE EARTH 

may be easily seen on clear starlight nights. 
The most easily found is the little hazy patch 
of light around the middle star in the Sword 
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of Orion, which is the curved line of three staifS 
hanging below the line of the three brilliant 
stars loiowtt as Orion’s Belt. The nebula in 








Which is iisuaUy pment, forms the sun. 

The telescope therefore shows that son: 
the nebul® are in a stage throuirh which 


m 

e« 

01 f 0e material of a nebula, the outer 

parts having contracted into planets, and the 
inner mass into the sun. 

The nature of the nebula from which the 
earth has been derived is uncertain. The 
examination of the nebula* by Lord Rosse’s 
telescope showed that many of them were 
only “star clusters,” in which the stars 
appear so close together that their light merges 
iiito a common beam. Several gas lamps in 
a group may appear from a distance as if they 
were all one ; but on a nearer view the separate 
lights become visible. In the same way 
many of the nebulas were shown by I<ord 
Rosse s telescope to be merely groups of 
stars, and at one time it was expected tha,t 
all the nebulae would prove to be of this ' 
mature, ae spectroscopic study of nebulap 
by Sir William Huggins showed, howev^ 
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that, in addition to the nebulous-lqpking star 
clusters, there are nebulae of very different 
composition. They are generally regarded 
as composed of gas. According to that 
interpretation these nebulae have.the structure 
assigned to nebute in general by the distin- 
guished French astronomer Laplace in 1796. 
He regarded each nebula as a cloud of gas so 
intensely hot that it is incandescent; and 
according to Laplace’s theory this glowing 
mass is spinning around its centre, and as it 
cools it breaks up into separate rings, from 
which are formed the different members of 
a stellar system. 

Subsequent observations on the nebul® 
discovered several facts ■which were in accord- 
ance with Laplace’s theory. Thus photo- 
graphs taken by modern telescopes show 
nebulas in the various stages assumed by the 
nebular hypothesis. Thus the photograph 
token in 1887 by the late Dr. Isaac Roberts 
pf the great nebula in Andromeda sho'srs 
that it is disc-like in form, that it has a 
large glowing central mass, and that the less 
luminous outer portion is breaking up int® 
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I'mgsj ma where we can look through the 
outer {lorbon of these rings, they appear 
to he breaking up into patches, which may 
he the begutiiings of future planets. 

Iho same appearance is seen in a photo- 
graph taken by Dr. Roberts of the spiral 
nebula in the constellation of the Hunting 
Dogs, tihis nebula presents to our view the 
surface of its disc instead of the edge as 
with the nebula in Andromeda. We can 
therefore see that it consists of a number of 
curved spokes radiating from a central mass ; 
and these spokes contain many brighter 
specks or knots which may be regarded as 
embi^nic planets. 

Hence the telescope shows that some of 
the nebulae »re ^vided into rings, as Laplace 
Usisumed they would be, and that some have 
M plan indicating their rotation around 
the 'oeaitre. Hie rotation it app»ent!y sldwer 
than Laplace would have C-tpeeted. ' Thu# 
the 'spiral curvature of the rays appears tp' 
be due to tl» lagging of their outer ends; 
aid if so, the rotation must be slow; and 
eomparison with the photograph d the gresit 
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nebula in Andromeda suggests thi^; the rota- 
tion, if any, is imperceptible. An instructive 
drawing of the nebula was published by 
G. P. Bond ^ in 1848, and the features in his 
sketch which can be identified occupy the 
same relative positions as in the later figures, 
and therefore do not indicate any rotation 
of the nebula. A more reliable comparison 
can be made between the photographs taken 
by Isaac Roberts on October 10, 1887, and by 
Ritchey at the Yerkes Observatory in Sep- 
tember 1901. The chief knots in the nebula 
can be recognised in both photographs. 

If the nebula were revolving the movement 
should be most obvious on the extreme 
borders of the disc and the movement should 
be recognised by some change in position of 
the edge of the knots in relation to the adjacent 
stars. The knots are somewhat larger in 
Ritchey’s photograph owing to the superior 
power of his instrument ; but the knots occupy 
preciiely the same position in reference to 

, ^ ** An Accoont of the Nebula in Andromeia,” Mmtoirg 

0/ tke Americm Jmdemp ^ &nd Smmm New Series, 
iS, 1840 , pf* 7^86» . ' ' ■ . 






the three knots on the upper border 


stars; the outer margin of the central star 
Just touches the rift; the left-hand star is 
partly in the nebula and partly in the rift. 
It would appear therefore that the rotation 
of this nebula must be so slow that it has not' 
produced the slightest perceptible movement 
of even its outer edge during fourteen years.^ 
The aspect of the nebula suggests that the 
knots may be due to some process of segre- 
gation in a comparatively stagnant mass 


t>«en re«*^ia®d, hm been dispmvisa by Profeeser H, 
II.-TBrner, Mmu Mot. M. A*tt. a*c.,'v»L i*, , 
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the telescope has been supplemented by that 
of the spectroscope. This instrument con- 
tains one or more triangular bars of glass 
which break up a ray of white light into its 
different component colours. The action of 
the instrument may be illustrated by the 
effect of a “ lustre,” or triangular bar of glass 
from an old-fashioned chandelier, upon a 
ray of light passing through a small hole in a 
sheet of cardboard held before a lamp. The 
spot of white light -v^hen seen through this 
triangular “ prism ” of glass is drawn out into 
a band, and this band ranges in colour from 
violet at one end to red at the other. This 
band of coloured light is known as a spectrum. 

There are three kinds of spectrum. A 
“ continuous spectrum ” is one which is one 
unbroken band from blue to red, and this kind 
of spectrum is given by incandescent solids, 
liquids or dense gases. They each give a 
continuous band of light, in which the seven 
colours shontn on Fig, 4a pass gradually 
into one another. The spexrtfum given by 
a rarefied incandescent gas comists only of 
a series of bright lines situated at different 
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i>arts of 'Hie speetmm {Fig. 4b}; and each 
chemical elanaot has a characteristic line or 
scries of lines. lienee by mapping the bright 
lines in a iiiectrum, the chemical composition 
of the sourec of the light can be determined. 


Fm. three kinds of Speetro, 

rf the <kmt Nelml* i» Otim 

, ' A. 'third type spectrum is the dark-line 
speotram, in ^feWehtihe, colour band is broken 
^ a series ©tdark lin« as in Fig. 4c. This 
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a bright body parses through a material which 
absorbs some of the light ; and this absorption 
produces dark bands at the precise positions 
where the incandescent vapour of that material 
would give bright lines. 

The sun, for example, gives a dark-line 
spectrum, for it consists of a hot central mass 
which would be sufficiently dense to give a 
continuous spectrum; but the light from the 
central mass passes through an outer layer 
which absorbs some of it, and the continuous 
spectrum is altered into a dark-line spectrum; 
and the dark lines present demonstrate the 
chemical composition of the sun’s outer layer. 
Some of the stars such as Capella are shown 
by their spectra to have the same composition 
as our sun. 

The application of the spectroscope to the 
BCbute is attended by great difficulty owing 
to the extreme faintness of their light. The 
late Sir Willijam Huggins however, in 1864 
ftrfi Obwved the spectrum of a nebula and 
recognised that it was a bright-line spectnnn- 
It was therefore naturally coimluded that such 
itebnte ate composed of incandescent gas, as 
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rficjuiT^d lijr lAplAce's theory. Sir W^illiam 
Huggins showed that the nebuhe apparently 
eonsist of three constituents, nebulium, an 
element otherwise unknown, hydrogen and 
the rare gas helium. 

Further studies of the spectra of nebulae 
have shown that they may be diidded into 
two groups. The members of the first group 
all appear to have a continuous spectrum 
visible as a very faint background, upon 
which stand out the bright lines of the three 
above-mentioned elements- These lines have 
been recognised in over one hundred nebul®, 
including the ring-shaped and planetary 
varieties and in some irregular forms such as 
the great nebula of Orion. Such nebulie are 
therefore regarded as composed of incandescent 
gas. 

The oHier gKwp of nebul® have a dark-line 
spectrum, and are^ therefore spectroscopically 
similar to such stars m the sun; they aio 
regarded as spectroscopically indistinguishable 
iiom star clusters, though composed of * 
different materials from those in the sun arid 
in ordinary stars. This group' indddes % ■ 



.f 
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the great majority of nebulae, imAiding the 
great nebula of Andromeda and all the other 
spiral nebulae. “A spiral nebula,” says Sir 
Robert Ball, “ is not gaseous.” Their spectra 
appear to be almost continuous, as they 
are crossed by very few absorption lines. 
Hence the spectroscope appears to indicate 
that most nebulas have an outer zone which is 
colder than the central mass, and their struc- 
ture in that respect agrees with that of the sun 
and of ordinary stars. The nebulae with a bright- 
line sp>ectrum on a fainter continuous spectrum 
would appear to be surrounded by an envelope 
of intensely hot gas; and when this gas has 
cooled down it might produce the dark-line 
spectrum of the ordinary nebulse. 


Even in regard to nebulse with bright-line 
spectra, astronomers are not agreed thalt they 


toe necessarily gaseous. The late B. J. Stone, 
the Radcliffe Observer of Oxford, claimed in 
1«TT, that even such nebulse might be star 
elufeters surrounded by a continuous zone of 
gas ; for he held that if these star clusters 
were at sufficient distances from the earidi, the 
light from their gaseous envelope would 




I . 








spectrara are, however, usually regarded! 


luminous solid materials surrounded by 


and its density was estimated by Lord Kelvin 
as one-millionth of that of ordinary air — could 
remain incandescent for a long time through 
its own heat. The heat would be so rapidly 
lost by radiation that the gas would soon be 
ehiUed. 

How quickly incandescent material cools 
is shown by the short life of new stars, which 
«my: now and tliea startle astronomers fey 
then* sudden appearance. Thus Professor 
Piekering of Harvard, in Pebruary jooi, 
photographed part of the constellation of* 
Peweus ; days lata? a new star suddfitdy 

,» MmiM. x*iri, 18|7, gp, ik|, 
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appeared in this very part of the heavem. It 
rapidly mcreased in brightness until it became 
one of the most brilliant stars in the sky. It 
was first observed on February 22, 1901. Its 
spectrum a week later showed the bright lines 
which indicate the presence of incandescent 
gas. The star was clearly the result of an 
explosion, which led to the flaring up of a 
formerly invisible body and to the outrush 
from it of large quantities of incandescent 
gas. The star, however, soon waned in 
brightness. It occasionally increased in 
brilliancy owing to a fresh flicker of activity ; 
but within a few weeks it had ceased to be 
recognisable by the naked eye. This phe- 
nomenon may have been caused by a collision 
between two cold dead stars ; and as would be 
expected, the gas and fine materials rendered 
white hot by such a collision soon cooled and 
thtss again be<Mime invisible. 


"fhi difiiodlty in explaining the prolonged 
luinihdri^' of the hebular material is overcome 
by the meteoritie hypothesis of Sir Nortian 
I^W^yer, which has been extended aind 
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ievelopeA by Wroiemv T* C. Chamberlin of 
''Chicago in an especially attractive form. 
According to this theory » nebula consists 
not of meande^nt gas but of a vast swarm 
of those solid meteorites which can be seen 
on a doudl^ night as shooting stars flashing 
at intervab acims the sky. These meteorites 
are usually «»ld and dark; when they enter 
the earth*s atmosphere tliey are heated by 
the friction and are reduced to powder, which 
can be seen for a moment as a trail of incan- 
descent dust. The members of a meteoritic 
swarm are assumed on the meteoritic theory 
to be heated by continual collisions; and 
the heat due to the collisions is fdiought 
to convert parts ©!■ the. meteorites. . -intb 
hot vapour. This is soon eonden,8is«i,. but 
more is formed by further collisions. Kmfp 
aowrding to the meteoritic hypothesis the 
instead of being diffused clouds .pf, 
intensely heated gas, are swarms of solid 
meteorites, which ware originally cold bnit 
are heated by collisions ' and thus give,, ol^^ n * 
continuous supply of incmadeseent vapour. 

Tl» meteoritic theory was first ^advanc#. by 



of comets. He suggested that a comet is a 
swarm of meteorites of which the members vary 
in size from that of a marble to boulders twenty 
or thirty feet in diameter. As the swarm 
travels along its path the separate stones come 
into constant collision; they thus become 
white hot on the surface and surrounded by 
incandescent vapour due to part of the meteor- 
ite being volatilised. Professor Tait calcu- 
lated that in an ordinary comet the number 
of stones would be so enormous that there 
would be sufficient to maintain the life of a 
comet for millions of years even at the rate of 
a million collisions every second. He con- 
cluded that the luminosity of a comet could 
be satisfactorily explained as due to collisions 
between its component meteorites. 

(I^his explanation of the light of comets is 
not generally accepted, but Tait’s theory is 
dfi bistope interest as one of the steps 
tbe thebiy of the meteorltie structure 
‘of Idiie heavmiy bdffies. 

Sir Norman Lockyer in 1890, af a detailed 
inv«^tigation of the spectroscopic evidence 
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then adviwiccii tl>c hypottesi# that 

tim gretiii st^r systems thcmselyes are c©m* 
fxjsed ol swimas of meteorites. He pictured 
the mueerse as traversed by innumeiable 
meteowtesi wWoh he represented as being ao 
erowded in some places that he described these 
area* as “ mefesoritic plena.” A ” plenum ** 
is a space filled with matter in contra-dis- 
tinction to a vacuum. The parts of space 
occupied by these meteoritic plena have 
SKMiording to Sir Nomian Lockyer condensed 
into various solar systems. 

The chief difficulty in the meteoritic theory 
Is that due to the chemical composition of the 
meteorfi^,. 'The meteorites are 'unqtt6stionid>ly 
sidid bodies, and as they pass through ^ space 
they are so intensely cold that it «ietimee 
tskes hours after they have fallen' on hp' 
thp ftftrth before they are 'Sufficiently w^wii 
■to, 'fee handled. Some <a the» 
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by Pyofessor Chamberlin planetesimals as 
they are infinitesimal planets. Their orbits 
however, often differ from those of the planets’ 
as many of them plunge like comets to and fro 
across the plane to which the planets are 
confined. The meteorites are seen as meteors 
or shooting stars when they rush like rockets 
across the sky at night. They are invisible 
until they enter the earth’s atmosphere, where, 
as they dash through it at the rate of from 
eight miles to seventy miles a second, they are 
warmed by the friction, and glow with incan- 
descent light. They exist in such myriads 
that it is estimated that from eight to ten 
can be seen by an observer within an hour on 
any clear moonless night. It is calculated 
that twenty millions of them large enough 
to be seen by the naked eye enter the earth’s 
afciaosphere every day, and Sir Norman 
lioekyer estimates that the total number 
whioh reach the, earth may be 400,000,000 a 
iday.' . Most of them, are extremely mip ute, 
and they vary from the size of shot or peas 


0 
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it' has been eatiinnted that they only add to 
the earth a layer x^v W inch in thickness 
in a mtUion years. 

The ewapositioft of meteorites is known, 
since fragments are often found on the surface 
of the earth. Several have been seen to fall ; 
a man in India was ktllai by one and various 
other fatalities have been narrowly escajKjd.^ 
The meteorites are of two main types. The 
commonest and the lar^t consist of lumps 
of metallic iron hardened with from six to ten 
per cent, of nickel. They also contain many 
earthy minerals of the kinds rich in iron and 
magnesk and poor in silica. 

The meteorites of the second group consist 
of the earthy minerals, whidi form^ the'rocfcs 
known m basic (see p. 64). Thrir mineral 
constituents include olivine, the basic felspars 
and chrmnite. They have never been found 
to contain quaria or the 'acid felspars. 

Many of the meteorites contain gases of 
which the most important are carbon dioxide*. 

• It Iwa teen recently reiwrted that wj isnttiay JSj 
1912, s^naUing apj^ratus at Um'd's stetiWi nt 
terre, in nwtt-westerp France, was aestroyk Iw ttl# 
#famot»rite. j. 



monoxide and hydrogen. In some of 
them, nitrogen is an important constituent. 
The great Cranbourne meteorite which fell 
in Victoria, Australia, yielded gas containing 
seventeen per cent, of nitrogen. 

The constituents of the great majority of 
the meteorites occur in rounded grains, the 
shape of which has been attributed to friction ; 
sometimes they are made up of angular frag- 
ments, as if the meteorite had been broken up 
and the pieces again pressed together. The 
meteorites with rounded grains (chondrites) 
have been regarded as due to the fusion of 
many separate granules into a large mass. 

Thus according to Arrhenius these meteor- 
ites are due to rounded grains discharged from 
the sun being collected into compact solid 
bodiesi According to Dr. Fletcher, one of 
fhie leading authorities on meteorites, these 
^ Structural features may, however, be explained 
as due to hurried crystallisation. 

* Hoi metseorites composed of acid rocks have 
y^et been found ; their absence may be 
explained by the fact that the typical minerals 
^f these rocks are only formed in the preseru^ 
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ol intensely heated water. Some nodules of 
obsidian which are widely scattered in 
Australia have been regarded as meteorites 
by many authorities, but their microscopic 
and other characters indicate that they may 
be fomred by the fusion of dust by electric 
discharges in the earth’s atmosphere, and 
may therefore have been formed as aerial 
fulgurites. 

The composition of the meteorites is of 
extreme interest, because they give us the 
only chance we have of actually studying frag- 
ments of other heavenly bodies under the 
microscope or in hand specimens. They also 
reveal to us the chemical composition of 
comets, as there can be no doubt that the 
eomets and meteorites are most intinaately 
assomated. 

A comet consists of a small bright nucleus, 
which when near the sun throws ont behind 
a long tail like a thin wreath of luminous 
smoke. Scftne of the comets travel around, 
and around the sun. Others enter the Sblat 
System from outside and, after dashing 
it, pass off again into outer space. Shat 
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comets and meteorites are similar in com- 
position is shown by the occasional change of 
a comet into a meteoritie swarm. Thus 
Biella’s comet travelled around the sun and 
reappeared to view at intervals of 6-67 years 
from 1772 to 1852; on the last occasion it 
had broken into two, and at the date when 
it was next expected it was not seen; and 
its place was taken when it was next due by 
a swarm of meteorites. The comet had broken 
up into meteorites. In the same way Tempel’s 
comet has been replaced by the great meteoritie 
shower called the Leonids, for the meteors 
appear in the constellation Leo or the Lion, 
and they are seen at intervals of about 33^ 
years. A meteorite that fell in the Tyrol in 
1910 has been claimed as a fragment of 
Halley’s comet. 

There can therefore be little doubt that 
oomets and meteorites must have the same 
completion. The most difficult problem in 
conn^ioa with comets is the somee of their 
light, which was originally attributed, Ijke, 
that of nebulae, to the glow of incandescent gas. 
difficulty of diffuse matter maintaining a 
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white heat and the fact that comets’ tails 
when passing near the sun travel far above 
the speed-limit theoretically possible for such 
material render this explanation improbable. 
The view is now generally accepted that the 
light of the comets’ tails is an electric effect due 
to the influence of an emanation from the sun 
upon the particles in the tail. The question 
asked by Huggins in 1874, “ Is the oomet^s light 
due to electricity in any form excited by the 
effect of the solar radiation upon the matter 
of the comet ? ” ^ has been answered in the 
affirmative. The light of the nebulae is 
perhaps due to the same cause, though ac- 
cording to Sir William Huggins, “ We can 
scarcely go wrong in attributing the light 
of nebulae to the conversion of the gravita- 
tional energy of shrinkage into molec tiikr 
motion.” 

There can foe little doubt that comets and 
meteorite have the same composition, but 
there is one difficulty in the view of the 


meteoritie composition of the nebute. The 

^ "On the Spectrum of Cogme’s Conaet,”! I¥oc. A 
,voL xxiii, p; 158 . 



oi meteorites include the lines char- 
acteristic of iron, nickel, magnesium and 
carbon, and several carbon compounds are 
found in meteorites. The spectra given by 
nebulie show none of these materials. The 
ordinary nebulae with bright-line spectra show 
only the lines of the rarefied gases nebulium, 
hj drogen and helium. Some of the lines were 
at one time identified as those of magnesium, 
one of the elements most characteristic of 
meteorites, but this identifif'afmn iioc* 
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are in two groups and prove tlie presence of 
hydrocarbons and sodium. The spectra of 
comets give no indication of the many metals 
that are no doubt present in them. It is, 
therefore, possible that if nebulse be clusters 
of meteorites, their faint light may not reveal 
their meteoritic composition. The faint 
nebulosity which gives their bright-line spec- 
trum may, as with comets, be due to an electric 
glow from the rarefied gases in the outer zones 
of their atmosphere. 

The difference between the spectra of 
comets and meteorites renders the spectro- 
scopic argument that nebulse are not com- 
posed of meteorites unconvincing; and even 
those that give bright-line spectra are not 
necessarily composed of ineandesetot 


The difficulty in the thwry that the earth has 
evcfived from a meteoritic nebula is in explain- 
ing the eolleetion of the scattered meteorites 
into compact swarms ; for it is held tibat if t|je 
materials of the Solar System were regularly 
distributed over its whole area in snirfli 
ites, there is no adeqimte eause I 0 ® : 
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coHeetion into solid masses and fol the inter- 
vening spaces having been left practically 
empty. 

The formation of planets by the collection 
of meteorites into masses must depend, not 
on those which are flying haphazard through 
space, but on those which belong to the Solar 
System and are travelling in regular orbits; 
for the erratic meteorites are moving with 
such high velocity that the power of gravity 
would have a very slight influence upon them. 
Their great momentum would prevent them 
being seriously deflected by the attraction 
of other bodies as small as themselves, unless 
they came into very close proximity. Two 
cannon balls fired at the same time in the same 
direction from two guns a few yards apart 
are not appreciably deflected from their paths 
by attraction to one another.^ 

: s jiThe view that the nebulse have themselves 
bien ' formed by the collection of erratic 

> Tfee gaswns nebalar theory is also oj^n to the objec- 
tion that the force of gravity wonld notoo&et the material 
thrown off as rii^ into jdaaete. Other seiions ohjeetions 
. to that theory on mathematical gronuds have Iwn ad- 
ya«ced by Profeasors Chamherlm m& Jfealton. 
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meteorites'^ attended by the difficulty that 
the meteorites must be very small in com- 
parison with the space through which they 
pass. The amount of solid material in the 
•spaces between the stars is apparently in- 
significant. If a little thin smoke, which 
even in the daytime would be invisible, drift 
overhead on a clear night it dims the stars, 
and a very faint cloud will obliterate them 
altogether. Hence the amount of matter in 
space must be insignificant, as it has a less 
effect than the thin bands of moisture in the 
atmosphere. The twinkling of the stars was 
once attributed to bodies coming between the 
earth and the stars, but it is now regarded as 
an atmospheric effect. In spite of the naiads 
of meteorites, their volume is as nothing in 
comparison with the immensity of space. 

Professor Chamberlin therefore holds that 
the formation of planets in a contracting 
nebula must depend upon the planetesimals! 
The paths along which they travel are them- 
selves slowly moving. Hence every planetesi- 
mal traverses the orbits of others and thus has 
anexcellent chance of being brought sufficiently 




l4> . ^2> ^ 
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close to another for the attraction* of gravity 
to bring them together. 

Thus slowly the meteoritic material would 
collect into knots and they would form planets, 
which would consist of the same materials as 
the eai’th and would travel around the sun in 
the same plane and in the same direction. 


vYuiuii me earrn nas oeen lormed con- 
' sisted of a swarm of meteorites ; for some of 
, the nebulae show the continuous spectrum 
■ characteristic of incandescent solids or dense 
^ gases, and some authorities claim that the 
spectroscopic evidence proves that many 
nebulae are composed of solid constituents. 
I The more primitive stage of the nebute may 
f' be gaseous, as required by Laplace’s theory; 

; b«t these gaseous nebulae appear to condense 
; directly into scattered meteorites instead of 
, ti^wipg off rings of gas which collect into 
planets. The essential difference between 
, ' the two theories is, that according to Laplace^S 
theory such bodies as the planets are formed 

. ‘ ' j ' ' '' ’ ^ 4 
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by passing’throtigh a stage of gaseous rings, 
and according to the meteoritic theory by 

passing through a stage of small scattered solid 
bodies. 

A sun imd its attendant planets ■will by the 
slow contraction of their materials at length 
become so compact that no further contraction 
can take place, and that system will become 
cold and dead. It will travel through space 
as a cold dark star. B on its journey, it 
happen to collide with another cold star, the 
energy due to the collision would cause a 
sudden generation of heat and scatter the 
materials of both bodies with explosive 
violence. The collision would again convert 
the two cold stars into a nebula. If the two 
bodies met in a grazing coUiribn the two 
central masses would not become completely 
weld^intoone j and both would rotate around 
thear common centre. The materials hurled 
out by the explosion would give rise to radial 
arms, and as each half of the new body would 
^ its own series of rays, the collision, * 
Professor Chamberlin has suggested,, Wb^d^ 
produce a nebula with two s^es pf raya 
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Owing to the quicker rotation of tKe centre, 
the outer ends of the rays would bend back- 
ward and form a spiral nebula. In process 
of time the solid material in these rays would 
collect into knots; as the nebular system 
rotates these knots would move around the 
central sun and each would collect all the 
planetesimals along its path; and thus the 
material which was once widely scattered will 
be collected into planets like the earth. 

The two armed spiral rays of the nebula 
have received a different explanation from 
Schaeberle in a letter “ On the Origin of Spiral 
Nebulse ” {Nature, vol. Ixix, 1904 , pp. 248 - 
250 ). He explains them as the result of 
explosion in a cooling rotating nebular mass. 
The explosion according to him would make 
holes in the crust on opposite sides of the 
nebula; and through the pair of vents the 
material of the nebula would be shot forth in 
Iqag raysj The repetition of similar volcanic 
always in pairs of antipodal vmt&, 
would then produce a many-rayed nebnjaj, 
and the spiral arrangement cd the rays would 
sfesult from the rotation. 
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The energy due to the eoUMon of the two 
suns will scatter their material The central 
mass will be the hottest and its heat will be 
maintained by the slow concentration ^ the 
material Then, when the central star of a 
stellar system has again become compact its 
pknets would have become cold. But another 
collision with a similar body would restore the 
nebular condition, and the evolution of a 
solar system would again be started on its 
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balance the downward pull of the 'internal 
material, then the water confined within the 
earth would burst into steam and scatter the 
overlying strata by a violent explosion. The 
whole earth would be shattered by the shock, 
and the fragments hurled into space. Each 
separate piece, however cracked, would be 
recemented into a firm block by the cold of 
outer space, but would retain the broken and 
crushed aspect seen in many meteorites. 
Professor Chamberlin regards meteorites as 
fragments of larger bodies which have been 
torn asunder by this “ disruptive approach ” 
as they passed near one another and without 
actual collision. 



CHAPTIR IJI 

the bviden-ce of ancient CUMATES 

_ of fleEdu.^ 

hMTy mvohr^ subjects wlich belong fo the 

te^ the two theories of the earth’s origm by 
J^mng whether the view that the earti 
fcegan as a dotid of iocanaeseent gaa. or as a 
of cold scilid met^Btei. |g;I tie 
better with the direct cadence i £,M tC 
bistojy of the ea?th* || the earth were on 

*j*^^**.^^ indications 

Sbould expect that th^jL^^^^ ! l 
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the geologist oaa discover records should have 
beea very hot. It may be suggested that 
the earth cooled so rapidly ia its early stages 
that its surface soon reached approximately 
its present temperature. If, however, the 
central mass of the earth had the intense 
heat assumed by the theory of the incandes- 
cent nebula, this suggestion is improbable; 
for the crust of the earth transmits heat so 
slowly that the temperature of the interior 
should fall very slowly, A second explana- 
tion that may be offered is that all the rocks 
known to the geologist were formed in the 
period after the establishment of a compara- 
tively stable climate, which varied between 
the existing extremes of heat and cold. If 
$0i the time occupied by the geological Wstary 
of the earth is insignificant in comparison 
witli the length of the period since its soidifi- 
Cat|bn; and this explanation is also very 
improbAbie. ^ . 

' i^lpgistmay reasonably expect on the 
Sheandesoetot nebular hypothesis to find trwies 
^ A hot climate when the earth was young. 
.%«$ at one time thought that there is such 
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evidence; for in mnny places wide tracts of 
l^anite appear from beneath other rocks. 
Granite is a rock that Vas clearly once molten 
and was formed in presence of great heat ; and 
the wide sheets of it in the foundation rocks of 
the earth’s crust were regarded as remnants 
of a world- wide shell of granite that was the 
first rock formed by the solidification of , thh 
molten globe. The granite was considered 
to be the remains of the first shell around a 
then molten interior. It has, however, been 
found that these granites and granitoid rocks 
are not the oldest rocks of the earth’s crust. 
They can only be formed under great pressure 
beneath sheets of older rocks; and they have 
been forced upward into the overlying sedi- 
mentary rocks. The climate of the world 
in its emlier days must therefore be deter^' 
mined by what we can leam from the oldest 
sedimentary rocks. : , ; 

The geologist divides the history thja 

divides the history of mankind into four ales 
r'-^e prehistcaic, the a-ucien t, the medieval S 
^ the modem. The sColottieal eWic 
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named from the stage of the development of 
the animals and plants that inhabited the 
world during them. The first era includes 
the dawn of life on the earth, and its sole 
occupation by archaic forms of living beings ; 
it is therefore known as theEozoieor Archseo- 
zoic. The second era is that in which the 
earth was inhabited by animals and plants 
of ancient forms, and is therefore known as 
the Palseozoie— the era of ancient life. The 
third era is that during which the animals 
and plants that dwelt on the earth were 
intermediate between the ancient and modem 
types; it is therefore known as the Mesozoic 
the middle era of life. The last era, that 
in which we are still livinm is the TCa 
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* 

( 11 Cretaceoas 
10 Jura^c 
9 Triassic 


8 Permian 

7 Carboniferous 
6 Devonian 

5 Silurian 
4 Ordovician 

8 Cambrian 


2 PaI®eo35oic 


1 Archseozoic or / 2 Torridonian (British) 
Bozoic . .11 Archean 

The rodcs deposited in an “ Era ” together 


tonn a geological Group, and those deported 
in a “ Period " form a geological System. 


We can |udge the climate of any period 
CH* locality by the animals and idants .that 
lived in it. Thus coral reefs now grow; only 
in the warm seas of the Tropics j and when We 
find the remains of aneient coral reefs in any 
pari: of the world we may reasonably conclude 
that the sea in which they were formed was 
then tropical or sub-tropical. Some English 
limestones are so crowded with corals that 
they may be fairly called coral reefs ; ife iftay 
infer that they were formed in Warindf water 


ikiiiyt* 
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than any met with in British seas at the 
present time. There are no coral reefs in 
the British area in the oldest systems, but 
limestones which have been regarded as such 
were formed in our seas during the fifth, sixth, 
seventh and tenth periods in the preceding 
list; and this distribution gives no evidence 
of any steady cooling of the British climate. 

The Strength of the physical forces that 
deposit rocks also indicates the conditions 
of the climate during their formation. The 
winds are due to differences in temperature 
between various parts of the earth. Thus 
a strong wind is formed where a large tract 
of hot land is situated near a colder sea. 
The wind is a delicate .gauge indicating 
differences in heat and cold between neigh- 
bouring areas. If there had been much 
greater differences in the distribution of 
ftem|>arature on the earth in past times, we 
should expect that the winds would have 
* ■ much . stronger. 

The oldest rocks in the British I^es ^ 
in the north-western Highlands of Scotland; 
and among them, beside Loch Assynt in 


Ipiliii 
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Sutherland, is perhaps the most aneient land 
surface that has been preserved upon the 
earth. Some primeval hills and valleys were 
buried beneath sand which has been con- 
verted into sandstone; and thus they have 
endured throughout nearly the whole length of 
geological time, until now the gradual removal 
of the overlying sandstone is again exposing 
the ancient surface. The sand was blown 
across this old land by the wind, and many 
of the pebbles were shaped by the drifting 
sand. The sand grains are of the same size 
as those that are blown along by the winds 
of the pr^ent time, and the prevalent wind 
in that locality blew fmm the south-west 
in Anhseozoic times as it does now. -M tls#e 
Old sandstones decay their grains fall apart* 
and are subiect to the action of winds of the 
same force and dirckstion as those which 
cirtied thm to their present positions in 
primevy times ; and the sand grains resume , 
their interrupted journey north-eastward after* 
a delay of perhaps hundreds of millions of 


a delay of perhaps hundreds of millions of years* 
The imprints made by drops of rain upon 
beds of soft elay on the sea shore or beside 
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lakes show that the rain drops of the earliest 
ages were of about the same size as they are 
now, and fell with the same force as in modern 
storms. The physical evidence of rocks made 
by the accumulation of sediment under the 
influence of wind and rain shows that the 
oldest known climatic forces were of the same 
power as those which act on the surface of the 
earth to-day. 

The earth’s climate has no doubt undergone 
great variations in special localities. Thus 
the wind-blown deposits at Loch Assynt were 
laid down under a drier climate than that 
of the same region at the present time; but 
the desert conditions in that district then 
were doubtless balanced by a heavier rainfall 
elsewhere. Striking evidence of local climatic 
changes is given by the former distribution 
of beds laid, down by ice. Thus in China 
and in the hills behind Adelaide in South 
Ai^stralia theije ate some rocks, which were 
by the aption of glaciers in the Cam- 
brian period, the oldest division of. the 
Palaeozoic; and these ancient Australian 
glaciers flowed down to sea level, although 
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they were situated within a few degrees of 
the Tropics. Hence these rocks show that 
in the Cambrian Period, the oldest time 
known to the geologist containing many 
remains of animals, the climates of central 
China and of South Australia were colder 
than they are to-day. 

The evidence is therefore clear that almost 
at the beginning of the geological record, 
instead of the whole earth having had a warm 
climate, some parts of it were colder than they 
are now. Later on, in the rocks belonging to 
the Carboniferous System, there is evidence of 
the existence ' of ice and glaciers in various 
eowatries in the Southmi Hemisphere and in 
parts of India wherethereareno glaeiewtoHday. 
Thus a band of conglomerate belonging to <Ae 
Cmrboniferous System can be traced for great 
distances in South Afrioa} it is often full of 
ice-acmtched stones, and was laid down by 
glaciers. Deposits of the same time and 
approximately of lire same age occur in man^ 
parts of Australia and in India. Hence in 
CWjoniferous times, parts of the Sm*thfi*h 
Hemisphere had a colder cKmate thah they 
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• 

have at present, though Europe and North 
America appear to have had a warmer climate 
then than they have now. 

The oldest known climates of the world 
agree with the theory that the earth has been 
formed by the aggregation of cold meteorites 
rather than by consolidation from an incan- 
descent gas. There is no doubt that the 
earth has passed through a stage during which 
the crust was warmer than at present ; but if 
the earth originated as a swarm of cold bodies 
which were heated by collisions and shrinkage, 
then that hot stage would have been passed 
through comparatiwly quickly. The earth 
would never have reached the extremely high 
temperature that the centre must have had 
if the earth had been a nebula of incandescent 
gas. The hot crust would not have been 
so steadily reheated from below and would 
sooa have cooled. 

Hence the fact that at the beginning of the 
Talsenzbic iSmes, places on the earth had a 
colder climate than they have to-day, agrees 
better with the planetesimal than with the 
incandescent nebular theory. 
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PART II 

THE GROWTH OF THE EARTH’S SUEFACffl 
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CHAPTER IV 


THE FORMATION OF THE EAETH’s CRUST 


The earth probably began as a collection 
of cold meteorites, but it passed through a 
stage in which the surface was warmer than 
it is now. During the crowding of the 
meteorites into a dense mass they mu^ have 
come into violent collisions and thhs been 
made very hot. But a more peimanent 
source of heat was the contraction of the mass 
after the meteorites had all come into con- 
tact. It has been mentioned (p. 44) that the 
heat of the sun is not due to the burning of 
its materials, but to the process of clo^ 
pocking of its materials, wiubh is copsfeanhly 
{wceeding. It has been eetimatied ' 
the burning of a mass of coal the size of the 
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♦ 

sun would not maintain the sun’s heat for 
as much as three thousand years; while the 
great German physicist Helmholtz showed 
that the process of contraction would be an 
, adequate source of the sun’s heat. 

Heat generated by contraction is due to 
the fact that if a body loses energy, that 
energy passes away in some other form. 
Thus a body resting upon the top of a wall 
possesses, in consequence of its elevation, a 
1 power which it will have lost when it has 
I fallen to the ground. The latent energy 

; possessed by the stone in its raised position 

is given forth as heat on its fall. The con- 
^ traction of a swarm of meteorites may be 
regarded as a process of slow falling toward 
the centre of the swarm; and the fall is 
necessarily accompanied by the generation 
of heat. According to Helmholtz the heat 
of the sun could be maintained by a contrac- 
tion sixteen inches a day, or of one mile 
, in its' diameteJr jevery eleven years. 

The heat produced in iron meteorites by 
their contraction would rapidly spread through 
them, as their materials are excellent con- 
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will arrange themselves as a central metallic 
mass covered by a stony crust. 

Although we have not contrived any direct 
access far into the interior of the earth, the 
existence of a great metallic core has been 
shown to be most probable by determinations 
of the weight of the earth. The materials 
which form the crust of the earth are on the 
average about two and a half times as heavy 
as an equal bulk of water. The earth as a 
whole weighs more than five and a half times 
as heavy as a globe of water of the same size. 
The materials of the inner earth are therefore 
twice as heavy as the rooks on the siulace. 
The simplest explanation of the great weight 
of the interior is that it consists largely of 
metals. The earth therefore consists of two 
main parts— ihe stony mist known as the 
lithosphere, and a heavy metallic mass known 
as the b«iryspl«e, from the Greek word bmis. 


^dstenCe of this metaliic harysphwe 
is furthw: indicated by the evidence of radio- 
activity. It hM been shown by Professor 
$trh^t that the radio-active energy of the 
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surface of the earth can be supplied by 
the amount of radio-active materials within 
a layer forty-five miles deep. If the materirfs 
at a greater depth were radio-active, the 
rafiio-activity on the surface should be much 
greater than it is. It therefore appears that 
below the depth of forty-five nailes there arc 
no radio-active materials. The iron naeteorites 
are among the few materials which are not 
radio-active; and the fact that the barysphere 
agrees with them in this respect, is a further 
indication that it is composed largely of 
nickel-iron. 

The crust of the earth therefore consists 
of rocks which have solidified like a slag 
from a molten state. Every rock is composed 
of one or more kinds of minerals. Those 
minerals that cannot be separated into two 
ot more other minerals by such mechanical 
processes as washing their powder in water^ 
or sorting the fragments by hand, are known 
as “ simple minerals ” or “ mineral species.’^ 

Many of these mineral species may be 
formed by melting a mixture of their con- 
stituents and letting it solidify. Olhe» 




euiumou minerals, on tiie other hand, cannot 
be thus artificially produced. The mineral 
species that can be made by simple 
melting include olivine, the pyroxenes, the 
garnets, brown mica, the basic felspars 
(anorthite, labradorite and oligoclase), and 
the variety of silica known as tridymite. 
The mineral species which cannot be formed 
by simple melting include hornblende, the 
felspars rich in alkalies, quartz, white mica, 
topaz and tourmaline. Quartz, for example, 
has a very simple composition ; it is composed 
only of silica, a compound of one part of 
silicon with two of oxygen. If silica be 


silica-glass, or such minerals as tridymite, or 
at a higher temperature the mineral cristo- 
balite; but it never forms quartz. 

The mineral species found in rocks unay 
therefore be divided into twm groups; those 
of the first group can be made from molten 
thq§e of the second group, such as 
quartz and the acid felspars, require for their 
formation more complicated conditions, in- 
cluding the presence of intensely beatAd 
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water, heavy pressaiw, and oftfea the help 
of some reagent knowh as a oatalyser, which 
enables a reaction, that wOttld otherwise taJke 
place with extreme slovmess, to proceed 
rapidly. 

The first rocks formed on the surface of 
the earth would naturally be those composed 
of minerals that could be formed by smiple 
melting. These minerals belong to the Series 
which, owing to their poverty in silica, are 
known as basic minerals; some of the most 
important containferrum (iron) and magnesium 
as their chief constituents, and are therrfore 
called femic, a word formed from the letters 
Fe and Mg, the chemical symbols for those 
metals. The most familiar rOfek 'ridh''‘iii'-tt(esfe 
basic minerals is basalt; and it is* therefore 
probable that the first rdcks formed On the 
crust of the earth resembled basalt. iLater 
bn rocks composed of minerals rich in add 
and alkalies would be formed beneath the 
Basaltic layer; and of these deeper-formed 
rocks the best known representative is 
granite. - ' > ■ ' ' : ■ 

Hence the first stage «l the jgeblbgic^ 


iPIlli 





iiistory ot tile eartu is its separation into 
three divisions— the central metallic bary- 
sphere and a rocky crust composed of two 
layers j the lower layer would be rich in 
quartz and alkalies and consist of acid rocks; 
the upper layer would be composed of the 
heavier minerals, rich in iron, magnesium 
and lime, and would consist of basic rocks. 



THE EVIDENCE OF EAETHQUAKES AS TO THE 
INTEBNAL STEUCTtrSE OF THE EARTH 

Earthquakes also supply instructive evi- 
dence as to the internal composition of the 
earth. An earthquake is a wave-like disturb- 
ance of the surface of the earth. A stone 
dropped into a pool of water creates a wave 
which travels outward from the point where 
the stone enters ; and a sudden movement, 
dMocation, or explosion in the enist of the 
earth similarly causes a wave-like motion 
wWch travels in all directions from the point 
of origin and is felt as an earthquake. The 
rate of advance of the wave varies with the 
nature of the material through which it passes. 
A wave made by the fall of a stone iplo 
mud IS smaller and travels to a shorter 
tance than if it fell into water. When an 
e^lniuake wave passes from a denser to 4 
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less compact material, the wave kries in 
character as well as in speed. 

The velocity at which earthquake waves 
travel through the earth, therefore, gives 
information as to the nature of its material. 
The majority of earthquakes are produced 
by movements in the earth’s crust along faults 
(see p. 102). A wave-like vibration passes 


Pio. 6. — Earthquake paths along the aro ADC and 
chord ABC. 

outward from the fault affected and is felt 
to a distance dependent on the violence of 
the movement on the fault. Some earth- 
quakes are so powerful that they shake the 
whole earth. An earthquake shock may 
pa^ fronti itii, point of origin to the antipodes 
eitheit aJpng the surface of the earth or 
straight actoss the middle. An earthq^hake ' 
wnve which begins at a phinfA (Mgi S) may 
shake a distant area by passing alnn® 
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straight liae ABC thwagh the ijiterior ; or it 
may travel around the surface along the line 
ADC. The point C will feel the shock along 
ABC sooner than the shock which travels 
along ihe outer curve of the earth on the 


6.-—!r!i© Tdiooltj of eiyfthquaJto mmm ^ktmgh th# 
oarth, fPVoDa the ^imatea of Professor Miliie,) 

TPhe show Ih© spewed in m0e» |w seooad ol «iife- 
; quakes tovelimg on the 8la?aight linen fro». % iwh^ ^ 
©telhqtiehe 8laart?d. ■' - ' 

path ADC; because the chord AC is shorter 
than the arc ADC, An observer at C might 
be shaken twice by the same earthqh^C? 
he would feel first fhe shpck that 
hloof the chord and the;^ that wl^feh hhS; 
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an earthquafee wave is increased by the change 
in the nature of the material that the rochy 
crust of the earth has a thickness of about 
forty miles. Below that depth is a uniform 
ball of geite. 

Rlr. R. D. Oldham has carried inferences 
from the rate of earthquake waves still 
further. He claims that not only is there 
a marked difference between the roeky crust 
and the denser internal material, but that 
the interior can itself be divided into two 
distinct zones. He holds that the earth has 
a central core, about two-fifths of the earth’s 
diameter in size, which is composed of quite 
different material from that of the surrounding 
zone. ■ , , ; - . 

Mr, Oldham’s conclusion as to the triple 
division of the interior of the earth is based 
on . the fact that an earthquake shock travels 
through the earth in waves of three kin#. 
The first includes the large surface w»y# 
which travel like the ripples on a sheet ojf : 
water. The two other kinds pnss .thtoh^ 
fch® interior of the earth. One of # h 
wave of compression due, to the narticlei 
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moving backward and forward along the 
earthquake path; the other is a wave of 
distortion wliich tends to twist the material 
travesrsed by the earthquake. 

The waves of compression and distortion 
pass through the interior of the earth and they 
arrive at any locality more than seven hundred 
miles distant from the origin before the large 
surface waves. They are felt as a series of 
prelinainary tremors before the main earth- 
quake shock, which has travelled around the 
surface. The waves of compression and 
distortion do not arrive at exactly the same 
time. Thus at a place which is a quarter 
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qtiake due to a disturbsmce oa the Equate* 
would travel straight through the earth to 
the Poles at the rate of 6*21 miles per secoud. 
It would cross the ceutre of the earth aad 
reach its antipodes on the opposite point on 
the Equate at the rate of six miles per 
second. The wave of distwtion, however, 
, varies more greatly in its speed. It would 
reach the nearest point on latitude 60 ° 
follovring a straight line through the earth 
with a velocity of 8*46 miles per second; it 
would go to the North Pole at the speed of 
8*78 miles per second, and to a point on the 
other side of the earth in latitude at the 
$peed of 8*94 miles per second. If, however^ 
it should go still deeper into the earth, its 
rate of advance would diminish, ao that if 
it emerged at a locality on the opposite 
meridian at a point 80 ° from the Equate; 
the »i*ed would have iaHen to 2*8a mile® pey 
second, and it would readi the opposite 
point of the Equate at a speed of 2*68 
per second. 

There is, then, aecouding to Mr. Oldha#^ | 
a teirty core of the earth whi<A 
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of Bnaterid so different from the 
^otind it, that it checks the advance of the 
wave of distortion; and the depth to which 
a wave has to pass in order to be affected by 


O 



Fia, kmer wo of tk® oartk (afto OMkanal^^ 1 > 

The outer cirole rwesents tke cirotimferenoe of the earth; 

(wi, inner <xw®; .OA, the eourie ol. e 
|swe diitortion which enters the inn<» .eorei OB, the 
course of a similar wave through the thick sheik 

thk decwMe in speod indicates that the 
(iiMni^r of fshis eore is two-fifths that of the 
earth (Fig, 7, CO). The wave of compression 
shows sonaewhat the same result, btit its 
$pee«i is diminished’ to a smaller d^ree. 
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The decrease in speed of a wave of distort 
tion compels it to follow a bent path ; hence 
according to Mr. Oldham a wave of distortion 
that passes near the centre of the earth 
follows such a line as that of OA in Fig. 7. 

This theory has been both adversely 
criticised by some authorities and accepted by 
others. Professor Knott ^ thinks that it is 
based on an inadequate number of observa- 
tions; and it differs from the conclusions of 
Professor Milne, who regards the whole earth 
below the forty-mile crust as uniform in 
composition. If, however, Mr. Oldham’s 
views be substantiated by further evidence, 
then the earth consists of a central core of 
unknown material, of a thick metallic shell, 
and a thin skin composed of a rocky crust. 

C. G. Knott, Ute Physio of Earthquake Phenomena 
j pp. 228-234. 



CHAPTER VI 


THE BENEFICENT INFLUENCE OF 
SEGEEGATION 

The beginning of the geological history of 
the earth was therefore the segregation of 
the materials of the constituent meteorites 
into three zones. The making of the earth 
into a condition suitable for the abode of life 
and ultimately the home of man was by the 
continuation of this beneficent process of 
segregation. The tendency of similar materials 
to collect together in groups has a world-wide 
influence. Its results have affected the world 
from the primeval knotting of the nebula to 
the crowding of people into towns and the 
restriction of various industries to special 
(JistFicts, ; These humah segregations are often 
deplored, but they continue in spite of all 
efforts to stop them. They go on in obedi- 
ence to an impulse which affects inorganic 
75 ' 
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matter as weB as living Ijeings* Segregation 
eonverted the widely diffused nebulae into 
planetary knots, and then divided each young 
planet into a metallic centre and a stony crust. 
Further segre^tion was essential to the 
development of life, the existence of man, 
and the establishment of civilisation. But 
for segregation the metals which man re- 
quires for tools would lie at depths beyond 
Ms reach. The phosphorus required to fer- 
tilise soil would be scattered in such tiny 
particles through the igneous rocks that they 
could not be used for the enrichment of poor 
land. Quartz, which owing to its hard- 
nes® and durability is useful as building 
Stone and polishing sand, was usel^ While 
scattered as one of the constituents of deeply 
buried rocks. Clay, the fine-grained material 
which now prevents the rain watef A*om 
sinking to useless depths, is of Service When 
collected into beds sufficiently pure to sMvC 
its important function of collecting Water 
and foming springs. Nitrogen* wMcit iS Aii 
Ci^ntial eemstituent of aninial' tissues, at 
ilSt' existed as a free gas 'in 
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are known as secondary. Where primary 
rocks are exposed on land they are attacked 
by the constituents of the atmosphere. The 
air includes oxygen, carbon dioxide (a gas 
composed of one part of carbon and two 
parts of oxygen), and water vapour. These 
materials all act upon rocks. The oxygen 
combines with some of the constituents, 
which expand in consequence of this process 
of oxidation; others are thus loosened, and 
the rock decays and falls to pieces. 

The carbon dioxide is dissolved from the 
air by rain ; and as the rain water soaks into 
the rocks the carbon dioxide in it attacks 
some of the constituents and converts them 
into carbonates. The silicates are cony^rted 
into carbonates, and this process is known 
as weathering. It always takes place, though 
often very slowly, where rocks are exposed 
feo the action of the weather, and it generally 
occasions the weakening and decay of the 
rock. ' 

The water in the air also has a very powi^cihl 
effect in destroying rocks. The water ,£fOatwitt|hfi 
theht and collects in the pores and eajeticea ; 
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and if this water freeze at night its expansion 
tears and cracks the rock and leaves it still 
more open to the entrance of air and water. 
Moreover, the carbon dioxide in the water 
dissolves any carbonates that may be present, 
and their removal in solution aids the crumb- 
ling of the rock. As the surface becomes 
decomposed the fragments are washed down 
the hillside by rain, or may be blown away 
by the wind, and thus fresh layers of rock 
are exposed to the attack of the atmosphere. 
The primary rock materials refused are used 
for the formation of other rocks, which, as 
their materials are derived from the primary 
rocks, are known as secondary rocks. 

The secondary rocks cover a large propor- 
tion of the earth’s surface, and they are 
^p«cialjy important as they form the founda- 
of : the areas which are most densely 
wealthiest, and most important 
pohtie^lyj . Tht^ in Scotland the primary 
roofcs ; occdri haainly in the Highlands, while 
the Lowlands, which include the chief cities 
ahd industrial centres, consist mainly Of 
Secondary rocks. In England primary ro<^ 
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known as igneous rocks. The most abundant 
of the secondary rocks, on the other hand, 
were formed by the action of water, and they 
are therefore often all 
aqueous rocks, 
were laid down 


grouped together as 
Those beds, however, which 
as wind-blown deposits on 
land are known as aeolian deposits. 

3. As the secondary rocks have been laid 
down by the action of water or wind they 
generally occur spread out in wide hori- 
zontal sheets or layers. They are therefore 
called stratified rocks, from the Latin word 
“stratum.” a layer. The primary rocks 
having no such regular arrangement in layers 
are therefore “ unstratified.” They reached 
the positions where they were first formed in 
a molten state, and solidified sometimes deep 
below the surface in great blocks known as 
“massifs,” at other times as sheets known 
^ dykes or sills which were forced into the 
rocks of the crust; at other places again they 
v^ere poured out as lava flows over the 
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4o not contain any remains of Hfe, for neither 
ammals nor plants could exist where those 
rocks were formed. The secondary rocks, on 
the contrary, contain the remains of the 
animals and plants which were living at the 
time when these rocks were being deposited. 
Such remains entombed in the rocks are known 
as fossils. The secondary rocks are therefore 
often fossiliferous. Study of the fossils found 
in the secondary rocks shows whether tUy 
were formed on land or in water, and if the 
latter, whether in the sea, or in a lake, or 
on the bed of a river. 

The structures of the primary rocks show 
the condition under which they were formed 
and whether the materials solidified upon 
the surface of the earth under volcanic con- 
ditions, or at great depths below the surface 
as “ Plutonic rocks,” or as dykes and sheets 
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may have been laid down regularly under 
deep sheets of water or in very irregular 
confused layers under the influence of strong 
currents along the shore; or they may have 
been piled up on land, and if so both the 
forms of the grains and the arrangement of 
the layers may show whether they were 
deposited as sand dunes or as widespread 
sheets of wind-borne dust. 

The great importance of the secondary 
rocks as the foundations of the areas of the 
greatest economic value renders it usually 
more important to distinguish the different 
kinds of these rocks than it is to identify 
the various igneous rocks. 

The secondary rocks belong to four chief 
groups the sandstones, clays, limestones and 
coals. 

The members of the sandstone group are 
composed of grains of sand. The grains are 
originally laid down in beds of loose sand. 
When the grains become slightly cemented 
, to one another the material passes into the 
condition of sand-rock. The further cement- 
ing of the grains produces sandstones; and 
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if the separate particles are so firmly umted 
that the stone breaks as readfiy across the 
grains as through the cement between them 
the rock is a quartzite. 

In the British Isles the common sandstones 
are composed of fragments of quartz, but in 
some countries the chief beds of sand and 
sandstone are composed of other matmals. 
Thus the coral sands of the Pacific Islands 
ooMSt of carbonate of lime, and some sand- 
stones consist of similar grains which have 
been cemented into firm rock. Other sand- 
stones, moreover, are formed of grains of 
idspar. 

The essential property of a sandstone is, 
therefore, not its chemical composition, but 
the size of its particles. The smallest dze 
of a sand grain is *005 mm., or one five- 
thousanth of an inch in diameter. A material 

day or silt. The sandstones are cf nudb 
service to man as building stones. ' 

Conglomerates are rocks allied to the Bdaid-! 
stones, from which they differ by -t!* 

oi the constituents, trlueh are pebbles 




INKLOTNCE OF SEGREGATION 85 

instead of being grains. When the pebbles 
are loose they form beds of gravel and shingle. 
If the pebbles have been cemented together 
they form the rock known as conglomerate if 
the pebbles are rounded, and as breccia if 
they are rough and angular. 

The clays form the members of the argil- 
laceous series, and they differ from sandstones 
owing to the much finer size of their particles. 
A sedimentary clay is deposited in the form 
of mud. One common variety of clay divides 
into thin regular horizontal layers, and it is 
known as shale. Slate is a member of the 
clay series, which has been subject to such 
great pressure that its particles have been 
rearranged and it breaks into very thin 
regular slabs. 

The clays are of great value, as owing to 
their softness they readily decay on the 
surface and give rise to beds of rich soil. 
They are, moreover, easily levelled by the 
weath^ hito smooth plains, and they form the 
foundation of much of the most valuable agri- 
cultural land. The clays are also very useful 
owing to their impOTneability to water; they 
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therefore prevent the rwn water which falls 
upon them sinking to useless depths under- 
gj ound. The water is held up by the sheets 
of clay* and either collects in water-hearing 
strata from which the supplies may be 
obtained by wells, or it discharges on the 
surface in springs which maintain the flow 
of rivers through the dry seasons of the 
year. : , 

The third important group of secondary 
rocks, the calcareous series, includes the 
limestones, which are rocks composed of 
carbonate of lime. This material is dissolved 
in water (as bicarbonate), and it is extracted 
by various aninaals and plants, which use 
it to build up their shells and skeletons. 
On the death of these organisms their hard 
parts collect in a litter upon the sea floor and 
these accumulate as calcareous beds which may 
be cemented into limestone. In some cas^ 
the carbonate of lime is precipitated from the 
water by chemical processes and then forms 

beds of calcareous tufa or chemically depcmted 

limestmies. The limestones are of igprmt 
service to man, as building stones, fur the 
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manufacture of cement, because of their 
capacity of holding large stores of under- 
ground water, and because they give rise to 
fertile soils which are especially suitable for 
the growth of cereals. 

The last series of rocks are the carbon- 
aceous, which include those of which the 
chief constituent is the element carbon. 
Their main value is as the chief supply of 
fuel and oils. The formation of the carbon- 
aceous rocks can be seen at the present day 
in peat bogs, where decomposed vegetable 
material collects in thick beds on cold wet 
moorlands. If a deposit of peat be covered 
by clay or sand, and then buried for a pro- 
longed period under a thick heavy layer of 
rocks, it would be slowly altered into the 
fossil fuel known as coal. 

The coals have been formed from accumu- 
lations of vegetation of different kinds which 
have grown under different conditions. The 
most important supplies of coal in the world 
occur in the rocks of the Carboniferous 
System ; and these coal seams were formed on 
the sites of old forests or collected as masses 
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of decomposing vegetation on the floors of 
swamps or lagoons. 

The coals are of five chief kinds — ’ 

1. Brown coals or lignites, which are 
mostly of comparatively recent formation, 
are of a brown colour, and usually fairly soft. 

2. Household coal, which is used for 
ordinary domestic purposes ; it is hard, black 
and brittle, and is mostly mined from the 
Carboniferous System. 

8. Cannel coal or gas-coal, which readily 
gives forth gas that burns with a bright white 
flame. This coal was of high value for gas 
manufacture before the introduction of in- 
camdescent mantles. 

4. Oil shale, a variety of coal which 
contains a large proportion of earthy material ; 
when slowly heated oil is distilled from it. 

1?. ^thracite, the varieties of coal which 
are rich^t in carbon and giv^e off the greatest 
heat i^r ton of fuel. They bum without, 
flame or smoke, and are therefore most 
suitable for naval purposes. 
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rocks as basalt and granite will give rise to a 
very varied series of secondary rocks. Basalt 
consists of a basic felspar and the two minerals, 
olivine and pyroxene. Granite consists of 
an acid felspar, quartz and mica. The com- 
position of these minerals and the products 
formed by their destruction is shown in the 
following table — 
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rocks and the redeposition of their constituents 
leads to the formation of the chief kinds of 
secondary rocks — namely sandstones, clays 
and limestones. 

are the processes by which the 
primary rock material is shifted ? There is 
the wind that blows away the lighter par- 
ticles; these may be carried far afield and 
deposited as clay and loam, while the larger 
fragments m-e left as boulders and pebbles, 
which may be gradually reduced in size by 
the wearing of sand that is blown against 
them. The quartz grains that fall from the 
decomposing granite are blown along by the 
wind, and rolled over the ground, until they 
are dropped in some sheltered spot, or, 
stopped by moisture or some solid obstacle, 
become piled up as a sand dune. 

There are streams and rivers that will carry 
primary rock material for greater or less 
distances depending upon the spe^ of the 
current and the weight of the mineral ptt- 
ticles. Boulders are tom from mount^p 
sides and sent crashing along by ever-fiofldng 
Itwrtots. Pebbles Me rolled slowly along 
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the bed of the stream, and are soon worn into 
powder. Sand grains are swept along the 
river bed, and collect as sheets of sand as 
soon as the current loses strength. The finest 
particles are carried much farther and de- 
posited as beds of clay where the current is 
slow. So a bather often finds in the sarne 
river, where the current is quick, there is a 
gravelly or sandy bottom ; where the current 
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sand is cemented into sandrocfc and sand- 
stone, and beds of gravel ot sMngie into 
conglomerate. 

Wbat now is the third group of processes 
by which beds are deposited from primary 
material ? Besides the simple mechanical 
processes of wind- and water-transport of 
rock material, there is a more subtle form 
of transport. The materials dissolved from 
rocks are carried along in solution until they 
are extracted from the water by animals, 
plants and chemical processes. Many animals 
and plants have shells and skeletons of 
carbonate of lime, which is obtained from the 
different salts of lime in solution in fresh 
or Sea water. On the death of the organism 
the hard parts collect on the floor of the lake 
or sea, and thus give rise to beds of lime- 
stone. Some siliceous rocks are formed of 
the hard parts of sponges* and the mim- 
stiopio creatures known as radiolaria and 
diatoms. Phosphate beds are formed 



ubbues. It large quantities of vegetable 
material are buried together, they may be 
converted into such material as peat and 
ultimately into coal. 

Chemical processes lead to the formation 
of other useful materials. Some limestones 
are formed by carbonate of lime being de- 
posited from the water of springs anS streams. 
On the evaporation of arms of the sea or 
lagoons the sea salt is laid down in beds of 
common salt. 

Hence by various mechanical, organic, and 
chemical processes the materials originally 
scattered through the rocks of the earth’s 
crust and floating in air or water are collected 
into layers and form beds of sand, clay, lime- 
stone, salt and the various mineral fuels, 
including peat and coal. 


In process of time the primary rocks 
exposed on the earth’s surface are ali broken 



..... 
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rocks. Nevertheless there are still large 
areas of country formed of primary rocks, 
for fresh masses are continually raised to the 
surface from below as fast as the upper 
layers are destroyed and removed. The earth 
is still slowly shrinking, and as the crust sinks 
downward irregularly it presses with unequal 
force on the underlying material. Some of 
the fluid or plastic rocks below may be driven 
beneath some weak area and uplift it* and 
then solidify under the pressure of the over- 
lying crust. 

Socks formed deep below the earth’s 
surface are known as plutonic, after Pluto 
the God of the Infernal Segionsj they gener- 
ally occur in large masses which have been 
forced among the overlying materials. These 
plutonic rocks often give off tongues or 
sheets, which force their way through the 
overijnng rocks j such sheets am known m. 
dykes and siHs. If these dykes reach tbp'^ 
surface, their molten rocks are disohi^i!®^ ; 
in volcanic eruptions. Where the ^ : 

diarge upon the surface in molten streams 




tney lorm sheets of lava. If the rocks are 
saturated with steam, it escapes in explosions 
which blow the stony material into small 
fragments; and they fall around the volcanic 
opening and build up a round hill. The hollow 
in the centre of this hill is a volcanic crater. 
The lava sheets from many separate vents 
may join to form continuous lava fields 
covering many thousands of square miles. 

The rocks which rise from the interior of 
the earth are charged with water and gases, 
which escape from volcanoes in great clouds! 
As the Plutonic rocks cool beneath the 
surface, their waters slowly work their way 
upward; as the waters are very hot they 
dissolve any particles of metals with which 
they come in contact, and bring them to the 
surface in solution. While the hot waters 
cool they deposit the metals dissolved in 
them as mineral veins. In this way metallic 
constitpents scattered 3iS irrairvc* 
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being lowered are grouped together under the 
name of detmdation. The result of denuda- 
tion would be in time the lowering of all land 
to sea level. The processes of denudation 
although usually slow are unceasing, and in 
many localities they are deplorably rapid. 
Snme British coast lands have even been worn 
away during historic times. 

The land, however, is maintaimwi by move- 
tnents in the crust which counteract denuda- 
tion. In many areas there is an automatic 
readjustihent, by which the land is raised by 
upKft from below as fast as it is lowisred by 
•denudation. Scandinavia has been standing 
above sea level since very early gOolo^l 
times. It has been subjected to the atladfe 
■Of the denuding agents for so long a p^od 
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"Wduld all have been planed down, into 
lowland or even reduced to a bank covered bjr 
the sea, if it had not been raised as fast, and 
at times even faster than it has been lowered 
by denudation* The ^ged form of the 
ewntryi and the raised beaches along the 
Norwegian coasts both show that in recent 
times the uplift has been greater than the 
denudation. 

The coal fields of south-western Scotland 
supply a good illustration of the struggle 
between the denuding and the uplifting forces* 
The coal seams occur in successive layers 
through a series of deposits over 4000 feet thick. 
The character of these rocks shows that they 
were all deposited either a little above or a 
little below sea level. Many of the deposits 
were formed on land; but beds of limestone. 
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feet of deposits were not formed in an already 
existing depression; for 4ny sudi basin 
would have been occupied by sea water, and 
the first beds deposited on its floor would have 
the chmacters of deep-sea deposits. As the 
depression was slowly filled the beds would 
indicate deposition under shallower conditions 
until they reached sea levd ; ted abbye the 
continuous series of marine beds wohld folldw 
the beds laid down on land- But the whole 
of this vast thickness of sedimentary rocks 
in the coal fields of south-western Scotland 
were deposited close to sea level ; the beds of 
limestone were formed when a slight subsid- 
ence had submerged the land along the coast. 
The deposition of fresh beds of sediment again 
filled up the shallow sea; the newly formed 
land would be covered by forest or swamp 
and fresh accumulations of vegetable matter 
laid the foundation of another coal seaih. 
iRiis layer would be covered by sand and silti 
and on a further subsidence the sea wourf 
again cover the district, and be again dwiTte 
out by the deposition of sands and days. ; 

In spite of this wnstantly changing 
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conaition the average rate of the 
deposition of sediment was the same as the 
average rate of the sinking of the ground. 
If the sinking had been too rapid thick sheets 
of limestone and marine beds would have 
been formed. But the rate of deposition has 
kept pace with the rate of sinking for such 
prolonged periods and in so many parts of 
the world, that the agreement can hardly be 
a mere coincidence. Sir Archibald Geikie, 
in his lecture on Geoeranhical Tr.i;r/-vhTf,',-.v. 



diuriiig tlicir formation th© area of deposit 
graduaHy subsided for thousands of feet; 
yet that the rate of accumulation of sediment 
kept pace on the whole with this depression ; 
aird hence, that the original shallow-^water 
character of the deposits remained, even after 
the original sea-bottom had bemi buried under 
a vast mass of sedimentary matter.” * 

The rates of subsidence and deposition of 
s^iment are so often the same that the 
probabilities appear overwhelming that there 
must be some direct connection between the 
two. The most probable explanation is that 
the extra weight of the fresh sediment itself 
causes the sinking of the area over which it 
IS spread ; ^ and the lightemng of the adjacent 
land by the removal of a layer of sediment 
enables it to rise. The newly raised land is 
then attacked by denudation, a fresh layer of 




uic weignt 01 adjacent blocks— is admittediy 
one of great difficulty. The truth of this 
principle was doubted by many geographers 
in spite of the strength of the geological 
evidottcein itsfavour; but the investigations 
by Rofessor E. ©. Hecker on the value of the 
fowe Of grainty sea shows that the evidence 
of physical earth measurements is consistent 
^ the isost^tic theory. . ^ r ' ! 

, jThe uplifted and sunken areas may be 
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separated by movements along fractures 
known as faults. A fault is a displacement 
by which rocks are broken across and sink 
or rise to different levels (Pig. 8, F). In 
normal faults (as in Fig. 8) the rocks sink 
downward on what is known as the downthrow 
side. The beds are left at a higher level on 
the other side, which is called the dpthrow 
side. The reverse occurs in a reversed fault 





Fig. 9. — Reversed Faults^ 

(Fig. 9). A band of rocks may be lowered 
between two parallel faults which together 
form a trough fault (Fig. 8). A block of 
land may be left upraised between two parallel 
faults forming a “ horst (Fig, 8, H). , A bed 
'^may ;be. lowered -by successive faults 'into a 
swic*sion of sbeqps by step faults (Pig. 8, Fs). 

In addition to displacements due to vertical 
movements there are others due to pressuti 
from the sides. Pushing a cloth aeaods a 
'ii^le,throws it into a series of folds'; - and th®. ! 








orocKs. J 310 CJC - mountains are sometimes 
formed by the tilting of blocks of the crust j 
the edge that forms the crust of the mountain 
having been upraised along a fault or the lower 
edge having been depressed by subsidence. 
Block-mountains may perhaps be also formed 
by the uniform uplift of parts of the earth’s 
crust, though the possibility of such move- 
ments is denied by some geologists. 

Fold-mountains are formed by the crump- 
ling of the earth’s crust. The folding may be 
due either to side pressure buckling the surface 
into alternate ti^es and yalloys like a sheet 
of corrugated iron. They may also be caused 
by a vertical uplift due to the intrusion of 
great masses of igneous rock, and this type 
of. disturbance prcduoM gtteat ^jme-shaped 
swellli^ rather than series of parallel ri4ges. 
The simplest variety of fold-naountains hr- 
dudes those composed of gentle regular Wds^ 
such as are represented on thii left-hand ¥de 
.id; Fig., 10. ^ If the lateral- prewwe.b# 


.^1 inleM©' l;ie folds are crowded '.togetlier ';a®d 
I two sides are not similar <as in Kg. 1% A'), 

II or the two sides oasy slope in the, same 
ii direcfcioa as in isoclines (Kg» 10, Is). If the 
':i pressure be still more severe the fold may be 

I feoke® ' and: the upper part pushed forward 

I along slightly inclined or nearly horizoucfcal 
faults. Such faults are known as thrast- 
planes. In consequence of these movements 
I old rocks are pushed above younger rocks, 
and the ordinary succession of beds in a 
district is inverted. The combination of 
over-thrusting and folding is characteristic 
of such complex fold-mountains as those of 
the Alps. 

Residual-mountains are so called because 
they are remnants of large sheets of rock, the 
rest of which has been removed by denudation. 
A block-mountain or plateau is attacked by 
the different agencies which wear away the 
^ smfacc of the earth. The rocks are splintered 
by heat and shattered by frost. The gases in 
the air cause chemical decay of the ipck 
constituents ; and sand which is Mown by 
the wind against cliffs and exposed rock 
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surfaces cuts them away. Bain washes the 
loose debris down the hillsides, and masses 
left unsupported slide down steep slopes as 
land’slips. The materials thus lowered into 
the floors of the valleys are carried away 
by streams, and the valleys are themselves 
steadily enlarged by the action of rivers and 
wind and sometimes by ice. Hence a raised 
block of the earth’s crust is slowly eaten 
away. Its surface becomes jagged and 
irregular. Valleys are cut deeply into the 
mass, and the ridges and summits left between 
them form residual-mountains. 

Volcanic-mountains are vast heaps of lava 
and volcanic tuffs, piled up around volcanic 
vents. A simple volcano usually forms a 
conical mountain with a central pit or crater 
above the mouth. When volcanoes are de- 
nuded the soft loose materials are- swept 
^way^ a hard core of rock solidifies in the 
pipe through which the volcanic materials 

have arisen. This core is left as a hill which' 
13 known as a voicanie neck. Some volcanoes 

pour forth vast floods of lava which 
surrounding country beneath thick sheets 
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rock I the flows from many sepm-ate volcanic 
vents may unite into one continuous sheets 
and thus a wide range of country may be 
buried beneath a deluge of lava. The level 
parts form lava plains and the thicker masses 
or parts that have been left upraised by 
subsequent earth movements stand up as lava 
plateaus. 




PART III 

THE PLAN OP THE EAETH 


CHAPTER VIII 

THE INCONSTANCY OF OCEANS AND CONTINENTS 

The greatest of the areas of subsidence on 
the earth s crust are the deep ocean basins; 
the regions uplifted or left elevated between 
the oceans form the continents. In the 
history of the mahing of the earth it is a 
qu^tion of pamary importance whether the 
elevated and sunken areas have always 
occupied the same positions as at present. 

The frequent interchange between land and 
sea is one of the best-established of geological 
facts. Nearly every part of England* tbr 
ei^ple, has been many timra alternately 
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• I 

had ever b^n buried beueath » deep ocean^ 
The mariae deposits found o« the i«ids were 
attributed to formation in shallow seas *uid 
in areas near land. Similarly it was held that 
though the margins of the oceans may be 
raised above sea level the central ocean basins 
Irad lasted throughout the whole of geological 
time. Lord Kelvin made the interesting 
suggestion that the oceans and continents 
had even been outlined in the nebula by the 
formation of areas of especial stability which 
have always remained as continents. 

Further support in favour of the permanence 
of the continents was claimed from the 
evidence that the earth’s crust beneath the 
oceans is of heavier material than that which 
forms the continents. It is held that owing 
to this difference of weight the ocean floors 
have always kept at the lower level. 

The evidence for the permanence of the 
continents and oceans was summarised bjj^ 
Dr. A. Russdl Wallace in one of the mpst 
interesting chapters of his Island lAfe (1880* 
pp. 81-102). His concluding sutnnMiry 
ciL, pp. 10l|| 102) laid stress on tlm sediptentf^ 
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deposits having all been formed near the 
c^sts on their being so variable in character 
that they rarely retain the same character 
or 150 or 200 miles, on the formation of the 
bulk of all strata near land, on the absence of 
deep-sea oozes among known rocks, and on 
the repeated occurrence of shore, estuarine 
and lake deposits among all sedimentary rocks. 
Dr. Wallace claimed that lacustrine beds 
were formed in every period of the earth’s 
history from the Cambrian onward and in 



as in Barbados, 
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aad some Sontli Pacific Islands. 
Tk^ raised fossil oozes are all of compa'm- 
tively recent geological age. The carteful 
description by Mf. Jukes-Browne and Pro- 
fessor Harrison of the deep-sea deposits of 
Barbados has proved that the oldest deposits 
in that island were laid down in an estuary. 
The area was then submerged beneath the 
sea to abysmal depths, at which various types 
of deep-sea oozes were formed ; and then these 
deposits were raised above sea level. They 
were protected during their elevation through 
the surface by a cap of coral limestone : and 


areas th the world have remained as 
dfighout nearly the whole* of kaoim 
d time, and perhaps through all of 
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it. Thus Scandinavia mA. Inland have 
apparently never been (xMipltstely subpi^ged 
•^e sea has frequently WKiahftd thp shores of 
that area, and its ttiai^ns have beeh occasion- 
«lly covered by the sea; but the area as a 
whole appears to have been land, since the 
banning of the geological record. Labrador, 
the peninsula of India, large parfes of Africa, 
and most of western Australia have also stood 
above sea level throughout geological time. 
As these lands have been permanent it is 
probable that some parts of the deep oceanic 
basins may have been covered by water 
throughout the earth’s history. Nevertheless, 
there is strong evidence that the anangement 
of land on the globe has been very different 
at different geological periods. 

The most important evidence on this 
subjwt is given by the distribution of animals 
plants. The world at the present time 

is divided into seven zoological regions-^ 
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3. The Palearctic Region, including Europe, 
Asia (except the south-eastern comer), and 
fcdia, and the region of the Atlas Mountains 
in northern Africa. 

4. The Ethiopian Region, comprising all 
Africa except the part included in the Pale- 
arctic Region. 

5 . The Oriental Region, consisting of the 
peninsula of India, south-eastern Asia and 
parts of the Malay Archipelago. 

6. The Australian Region, including Aus- 
tralia, Tasmania, New Guinea and some 
adjacent islands. 

7. The New Zealand Region, which, owing 
to its exceptional fauna, is a small independent 
region. 

These seven zoological regions were founded 
mainly on the evidence of the birds ; and their 
limited distribution is the more striking as no 
other land animals have such powers of 
•migration from one region to another. The 
existence of these regions show that even 
birds are confined by geographical boundari^ 
to certain restricted areas. The birds of 
Africa are different from thc«e of South 





^ xne aistrioution of the mamm&Is requires a 

different arrauganent of zoological regions. 
Th^ I^ydekker frotn the evidence of mammals 
divides the world into three geographical 
rmlms; they are Arctogsea, which inelnidef 
North America, Europe, Asia and Afidea; 
Neogses, which consists of South America 
and Central America, and Notogsea, which 
includes Australasia and Polynesia. He sub- 
divides Aretogaja into five regions, the range 
of which is shown on Figure H, According to 
the evidaice of other groups of animals the 
zoological resemblances between Africa and 
South America are so striking that these 
continents have been regarded as one zoblo- 
^cal region, 

llie fundam^tal difference between the 
geographical distribution of various griiupa 
of animals is most easily explained as due to 
the different arrangement of ocean and cpn- 
tinent at the tim^ when these; , ; 

evolved. Animals which appeansd'' 
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time in tlie earth’s history fonn4 different 
land Hnes available for their migrations. 

Thus the marsupials with two front teeth 
in the lower jaw (Diprotodonts), of which the 


OiraOTODOHT marsupials 


; FlO. 12. 

Iftogaroos are the best-known representativ#* 
now live only in Australia and a few adiaecaih- 
islands, with the exception of one animal, 
Ccenolestes, which lives in South Anicrfea in 
Oie northern Andesi The fossil remmns o| : 
name extinct animals regaled b(S^ many 
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DISTRIBUTION OF THE FAMILY OF L 
KNOWN GECKOS 
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aafckptities as Diprotodonts, have been found 
in Patagonia. The presence of marsupials 
with more than two front teeth in the lower 
jaw (Polyprotodonts) throughout South 
America and in the northern parts of North 
America, as well as in Australia^ can be ex- 
plained by their being the survival from a 
time when they were nearly world-wide in 
distribution. Their fossil bones have been 
found in Europe and Asia, where they have 
been exterminated by higher types of mam- 
mals. They have lived on in Australia 
protected from competition, as that region 
was separated from Asia before the arrival 
of the more highly developed mammals. 
Marsupials with the two large front teeth in 
the lower jaw are known only from Australia 
and South America ; there is no evidence that 
they passed from the one region to the other 
across the lands of the Northern Hemisphere, 
-fthld th<>y' indicate that there was formerly 
seme southern land connection between Aus-* 
tralia and South America (Fig. 12). ; . ; ^ - 

This conclusion is supported by the dis- 
tribution of various groups of aninmls which 
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America, Africa south of the Atlas, southern 
India, and Australia. 

The evidence of extinct animals and plants 
is even more striking. The same kinds of 
gigantic land tortoises lived in Australasia and 
Patagonia, and if they had crossed from the 
one country to the other by a northern route, 
some traces of them should have been found 
in the northern lands. Their distribution 
requires a land connection in the Southern 
Hemisphere. The distribution of the extinct 
plants confirms that of animals. The range 
of the known plants of Carboniferous times 
shows that a continent must have extended 
then from the middle of South America east- 
ward to Australia, and included the Highlands 
of Brazil, Africa, India, and probably the 
whole of the Indian Ocean. This ancient 
continent is known as Gondwanaland from 
the area in hndia where its deposits were first 
studied {c/. p, 184). 

The evidence, therefore, of the distribution 
of animals and plants proves the former 
existence of continents that have been dis- 
membered and of land routes that "have 
foimdered beneath the oceans. 



CHAPTER rX 

THK PLAN OF THE EAETH 

The ’Value ol the earth to man. depends 
the intimate mingling of the land and the sea. 
The climates of the politically importaht 
r^oBS and the water supply to wMch the 
lands owe their fertility depend on the con-* 
stant passage of air to and fro between land 
and sea. The area on the earth covered by 
water is more than t’wo and a half times as 
as that occupied by land. The rdative 
jproportions are estimated a^ ihout two- 
pevenths land and five-sevenths wdfeer. 
Acwrding to a more detailed iwenaureihiehl, 
seventy-two per cent, of the earth’s surfa<» 
consisl^ of water and twehty-eight per cent* 
of land. ; 

If all the land of the globe wem cdlieef^ 
into- one continent around nne Pole 'tfed eonv? 
ditiom of life on the earth ’would he so entirely 
diSeraat that it it doubtfhl, whether the human 
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race coidd have come into existence. Ihe 
fundamental problem of geogmphy is the 
cause of the distribution of land and water 
on the globe. Dr. Newbi^n^ in the volume 
on Modem Gwgraphy in this series (p. 19), 
adopts the Sound definition of geography as 
the subiect which “ deals with the surface- 
relief of the earth, and with the influence 
which that relief exercises upon the distribu- 
tion of other phenomena, and especially upon 
the life of man.” 

The value of the earth to man depends upon 
the arrangement of the surface relief, since 
that determines the distribution of land and 
water. The lands of the world are the parts 
where the surface is raised, while the oceans 
occupy the intervening hollows. 

The distribution of land and sea appears at 
first sight irregular and haphazard. But 
from the earliest times geographers have been 
with csa^fain geographical feature, 
WM'fe fe^®t«d Aht the arrangement of land 
and water were based on a definite plan. 
The clamcal geographers recognised that the 
chief tracts of land and water around the 
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extern Mediterranean extended ontwaid m 

^»al lines, and they knew that to the west 
the aoath^t. and probably ako to the north 
the lands were bounded by a vast surrounding 
^n. Hence they represented the lands of 
the globe as a whed-shaped island surrounded i 
by This idea was expressed still moit: 
simply m the “ wheel maps ” of the medieval 
geographers, in which the chief geographical 
^ts were r^resented like spokes, aU radiating 
from Jerusalem. 

The discovery of America shattered the 
pHiaitive “wheel maps,” but it led to the 
teeognition of further striking geographical 

agreemente between disconnectM lands. Thus 

Bacon pointed out the r«®emfelances in the 
course of the two sides of the Atifmit^ an the 
, following pa^ge — , * " ; i 

* • But although they [physical parallels or 
be not of much assistance in 
isoovering forms, yet they are of grea^ I 
advantage in disclosing the frame of parts pf 
the universe, upon whose members 
p.aetise a species of anatomy, and thpucie 
■ tWJCasioually lead us gently on to sublime find 




M 





THE PLAN OP THE EARTH 181' 

« 

noble axioms, especially such as relate to the 
construction of the world, rather than to 
simple natures and forms. 

“ Lastly we miat particularly recommend 
and suggest, that man’s present industry in 
the investigation and compilation of natural 
history be entirely changed, and directed to 
the reverse of the present system. Por it 
has hitherto been active and curious in noting 
the variety of things, and explaining the 
accurate differences of animals, vegetables 
and minerals, most of which are the mere 
sport of nature, rather than of any real utility 
as concerns the sciences. Pursuits of this 
nature are certainly agreeable, and sometimes 
of practical advantage, but contribute little 
or nothing to the thorough investigation of 
nature. Our labour must, therefore, be 
directed towards inquiring into and observing 
resemblances and analogies, both in the whole, 
.And its parts, for they unite nature and lay 
the foundation of the sciences. 

“ Here, however, a severe and rigorous 
caution must be observed, that we only con- 
sider as similar and proportionate instances. 
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those whfeh (as we fiwt observed) point ont 
physical resmblance# j that is, real and sub* 
stantial resemblance, deeply founded in 
nature, and not casual and superficial, much 
less superetitious or curious, such as those 
which are constantly put forward by the 
writers on natural magic (the most idle of mas 
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Poller knowledge of the geography of the 
world has increased the ntimber of features 
which indicate that all the lands of the globe 
have been shaped and distributed in accord- 
ance with some andient, deep-based plan. 
These features are known as geographical 
homologies; and according to our present 
knowledge, they may be divided into four. 

The first homology is the predominance of 
land in the Northern Hemisphere and of sea 
in the Southern Hemisphere. The Northern 
Hemisphere contains a great excess of land 
over sea, and the Southern Hemisphere an 
undue proportion of sea. Maps illustrating 
this unequal distribution of land and water 
are given in most geographical text books. 

The second geographical homology is the 
triangular shape of the geographical units. 
Lands and seas are very often triangular. 
The triangles are somewhat irregular, but 
jjne of the most conspicuous features of a map 
of the world is the preponderance of irr^u- 
larly triangular fcwrms. Further the triangle 
of land have their bases to the north and taper 
southward, as is the case in North America, 
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South America, Africa arid India. Conse- 
quently ttie oceanic triangles are widest to the 
south and taper northward, as is the case with 
the Oemn^ the differeat basins of the 

Mediterranean, the Arabian Sea and the Bay 
of Bengal; and the North Atlantic would he 
brought into agreement with this rule bytho 
elevation of the submerged ridge which runs 
Greenland past Iceland to Scotland. 
The well-known geographical dictum that all 
peninsulas point southward is an expression 
of this rule; and though there are several 
exceptions to the usual direction of the 
peninsulas it is significant that with the two 
best-known exceptions, Yucatan ends off 
^bmptly in a long straight edge the north, 
and Denmark tapers southward to ffie ifi^w 
' isthmiis of Sidileswig* : ' ' ‘ 

: the third of the geographic^ homologies i 

is: the natural result of t|ie first two. The 
iMids of the World form a nearly complete 
ring around the Northern Hemisphere, and' 
project southward from this ring in th-e^ 

Sai® of cooBnant,. The ooHfe™ 

» ;im>kaa by Bering Stoit ,r.d 
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Atlantic. The latter, which is the only wide 
break in the continuity of the northern lands, 
is of comparatively modem date, for Green- 
land was connected by land with Sc<d;land 
in tecent gwlogieal times. From the northern 
land belt the continents project southward 
along three meridional lines, America, Eur- 
Africa (to use Professor Lapworth’s term for 
Europe and Africa), and Asia with Austral- 
Asia. 

The oceans in their turn form a complete 
circle around the Southern Hemisphere and 
project northward, gradually tapering between 
the widening lands. 

The fourth homology is the most significant, 
but it is the least generally understood. It 
can be better recognised by observation of 
a globe than of a map. It is the antipodal 
position of land and water. The ends of any 
straight line passing through the centre of the 
•earth and reaching the surface are the anti- 
podes of one another; and any such line 
which has land at the one end is almost sure 
to have water at the other. If a globe be 
rolled about upon a tabl^ when land occurs 
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at the top of the gIobe» then the part touehkg 
the table nearly always shows 'stea.^ Each 
of the continents is “ antipodal ” to ah ot^an. 
Tixe antipodal position of land and water is 
illustrated by the accompanying map (Fig. 18), 
which shows that Australia is antipodal to the 
North Atlantic, Africa and Europe to the 
central area of the Pacific, the Antaretic 
Continent to the Arctic Ocean, North Amerieh 
to the Indian Ocean and the adjacent area 
of the Southern Ocean, the northern part of 
South America to the China Sea and the 
western Pacific. The only considerable land 
area which does not follow the rule is the 
southern part of South America, which is 
antipodal to parts of China. The rule, how- 
ever, is so general that only one twenty-seventh 
of the land of the world has land antipodal 
to it 


the four previous homologies in the distri- 
bution of land and water determine the 
present plan of the earth. Its most strikingf j 
feature on inspection of a map is the lack of 
symmetry in tfie arrangement of knd and 
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>et?priem the Nor&em and Southern 
Heuiispheres; and this asymmetiy suggested 
the ingenious explanation of the facts which 
we owe to Rothian Green. 

that the forms of 
were determined by the arrange- 
ment of their mountains; these act as a 
framework upon which the land has been 
built up. Hence the mountain chains were 
called “ the backbones of the continents.” 
The formation of the mountains was attributed 
to the crumpling of the earth along great 
cracks in its crust. The first serious attempt 
to explain the distribution of land and water 
by connecting it with the moTintain system of 
the world was by the distinguished French 
geologist Elie de Beaumont. He regarded 
the earth as a sphere with the crust travemed 
by a regular network of intersecting cracks; 
and he represented these cracks as cutting 
up the surface of the world into twelve five- 
aded areas or pentagons. He classified the 
mountains of the world according to their 
directions in reference to the lines of this 
pentagonal network. The great defect in 
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his scheme is that Ms network is 'p»isely 'the 
same for the Northern Southern Hemi*. 
spheres, whereas the ftmdiamental difference 
hetwecn these two hemispheres is the most 
conspicuous future in the plan of the earth. 

Inthian Gr^n recognised that the plan 
of the awangement of the tods op % earth 


Wiu* 19, — tetrahedron, 
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Kfii«e a® wi a piece of -white cardboard, 
and cut away all bofeide the outer edge of 
the igiire. Th®u with a sharp penknife cut 
half through each of the strai^t ccoitinuous 
Mttwt 'rjttiiefed' 4* , ^hb diagram.’ The card can 
bd fbl^std ateng these lines, until the 
edges meet; fasten the sides together by 


Fig* 20. — ^Net of a tetrahedron* 

gum or preferably seecotine on the intumed 
flaps. The model will then form the kind 
of triangular pyramid known as the tetra- 
hedron. 

It will be seen by turning this model about 
a table that each of the four projecting 
eoi^ is ©Iposdte one of the four facw. A 
coign is always antapodal to a flat face. ^ 
Paint in WUe the four circles j their area 
together equals five-sevenths of the area of 
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tfeo tetM^hidiron; wliicfe isth® pMportion of 
tiifi earth** surface occupied by waiter. 

Drive a knitting-needle through 'the cehtre 
of the face marked N, and push it out ht the 


to, Ifttrftliedroa ' 

opposite coigtii Then mount it on a cprk 
so that the needle is vertical and the facff - 
top of the model (Fig. 21). if 

a volume of water could be held Upon the 
surface of a tetrahedron by attraction from 
the centre of the body, as water is held on 
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of the earth, the water would 
collect first in the middle of the four faces 
because they are the parts nearest the centre 
of the noass of the model If the volume of 
wat(»r was ‘ Just large enou^ to cover five- 
sevenths of the surface of the tetrahedron, 
then the water would cover the middle of 
each face and meet the areas of water on 
the adjoining faces on the middle part of 
each edge. Land and water on this tetrahe- 
dron would be distributed as follows There 
would be a circular ocean on the top face 
and, letting the N marked on that face stand 
for the North Pole, the sea around it would 
be the Arctic Ocean. This ocean would be 
surrounded by a nearly complete ring of land 
consisting of the three projecting coigns; and 
each of these' lands would project southward 
and end in three triangular projections into 
the southern seas. The last continent would 
arepresratt Antarctica around the South Pole 
and would be antipodal to the Arctic Ocean. 
Each of the three side faces would include 
an ocean tapering northward and united on 
each Bouttierly side to the adjacent oceans. 
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These oceans would represent the positions of 
the Indian, Pacific, and Atlantic Oceans. The 
complete ring of water aroTxnd the Antarctic 
continrait would correspond to the Southern 
Ocean and the southern Pacific. “ 

The model will then show the striking 
general resemblance of the distribution of 
land upon the earth to the raised parts of a 
tetrahedron and of the oceans to the flat faces. 
The model will have a northern Arctic Ocean 
antipodal to the Antarctic continent. The 
coign marked Am. will represent America; 
and it is antipodal to the ocean marked I, 
the Indian Ocean.- The coign E represents 
the position of Eurafrica, and it is antipodal 
to the ocean P, the Pacific. 5he third 
projection AA will represent Asia-Australia 
and will be antipodal to the obean At., the 
Atlantic. 

The lands moreover form a nearly complete 
circle around the Arctic Ocean and they taper- 
southward in triangular peninstilas corre- 
sponding to the three meridional pairs of 
continents on the earth. 

The southern part of the model has a 
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, complete oceanic girdle surrounding the 
Antarctic continent. 

Hence if a volume of water could he held by 
gravity on a tetrahedron, so as to cover five- 
sevenths of the surface, the arrangement would 
he approximately that of land and water on the 
earth. 

As the elevations on the earth, which form 
the continents, correspond in arrangeifient 
with the elevated portions of a tetrahedron, 
then the plan of the land on the earth may 
be called tetrahedral. The chief differences 
are that whereas each of the three sides 
of the tetrahedron are exactly alike, the 
shapes of the oceans and continents differ 
in detail; and Europe and Asia are united 
instead of being separated like America and 
Asia. 

The North Atlantic, however, at no distant 
grological date was separated or almost 
'separated from the Arctic Ocean by land 
which extended from Scotland throi^ the 
Faroe Islands and Iceland to Greenland. 
This land was at one time doubtless continuous 
and was broken up into a chain of islands 
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which have been diminished by the enlarge- 
ment of the channels between them. But if 
we restore this former land, which is still 
marked by a belt of comparatively shallow 


’Em. 22. — The forme® separation of Europe and Asia* 

f ^rom a Map of the World in Oligocene Times by Prof. H. P* 
shorn.) 

sea, then the North Atlantic would taper 
northward to a point and so come under the 
general rule* 

Similarly the present connection of Europe 
and Asia is due mainly to a wide tract of 
low country which, in comparatively recent 
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geological times, was submerged by the sea 
(Fig. 22). The Persian Gulf and the Caspian 
Sea are upon the site of a sea which formerly 
separated Europe and Asia, if they are not 
actually relics of such a sea. The presence 
of seals in the Caspian Sea is a well-known 


Fig. 23. — A tetrahedron with convex faces. 


indication of its former connection across 
Russia with the northern seas. If the Russian 
lowlands were submerged, Europe and Asia 
would be united only by the narrow belt of 
comparatively young fold-mountains between 
the Caspian and the Persian Gulf. The 
tetrahedral plan of the earth, in these two 
respects has therefore been obscured by 
recent earth movements 


lOHCx-h 
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The earth, however, is not a tetrahedron, 
for that shape could not be maintained in 
any body with a structure like that of the 
earth and rotating with its high rate of speed. 
If the earth were a fixed body it might, and 
probably would have acquired a tetrahedral 


Fra* M :, — Traces of the- edges of a tetrahedron on a sphere* 

shape; but owing to its rapid rotation it 
necessarily becomes rounded. 

If a tetrahedron be constructed with its 
edges made of strips of thin whalebone and 
its faces of elastic tissue, and air be pumped 
into the model, the sides bulge out and ' 
become convex (Fig. 23). Further increase 
in the internal air pressure would cause the 
edges to bend outward, and by further 
bulging out of the sides the tetrahedron 
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would gradually become a sphere. Three of the 
six tetrahedral edges (Fig. 24, e) would form a 
circle on the upper side, and the other three {v) 


TROPIC 




Fia. 25.— The primitive form of an ocean (after Lothian 

would occur as vertical edges running down 
from the circle and meeting at the lowest coign 
(Fig. 24, t'). If the air be allowed to escape 
from such a sphere, the first change in shape 
would be a flattening around four points into 
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four faces, and it would thus gradually pass 
back again into the condition of a tetrahedron. 
The curvature of the surfaces of the 


T»?0P\C 




26 .r*-The primitive form of a continent (after Lotiiian 
Green). 

tetr^edron would also render the shapes of 
the ocean and continents less regular and 
more similar to those that exist on the earth. 
Instead of the oceans being circular they 
■^ould- he bounded by a series of- curved lines, 
and Lothimi Green has shown that the primi- 
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tive form of an ocean on such a tetrahedron 
would be that of Figure 25, which has striking 
resemblance to that of the Pacific. Similarly 
the primitive form of a continent would be 
bounded by six convex lines, as in Figure 26, 
which recalls the features of Africa and South 
America. 

Lothian Green’s theory regards the world 
not as similar to a plane tetrahedron with 
four triangular sides, but as a six-faced 
tetrahedron with curved faces. This body is 
formed by placing a six-faced pyramid on 
each face of the tetrahedron; and if the 
twenty-four faces of this body are suitably 
curved it will approximate closely to a 
sphere. 

The earth is a body which is continually 
shrinking owing to the contraction of its 
internal mass ; ^ and its rigid shell does not 

^ ^ The great weight of the earth^ 


- 1 1. ^ T .'"'V —'s interior (see p. 

mso been ei^lamed as perhaps due to the compression of 
the material by the pressure of the overlying rocks. If 
soj it would not he safe to assume that the internal mass 
IS contracting more than the crust The recent evidence 
however^ strongly supports the view that the heaviness of 
the interior is due to its metallic composition : it* is, 
therefore, most probable that the internal mass shrinks 
more than the crust— >a conclusion which is consistent 
with the geological evidence. 
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shrink to the same degree. Every globular 
body under such conditions tends during 
contraction to become tetrahedral. This 
tendency is readily explained, for the sphere 
is the body which has the smallest surface 
in proportion to its volume. The tetrahedron 
on the other hand is the regular body which 
has the largest possible surface for any given 
volume. Any hard-shelled body which is 
contmcting by internal shrinkage is encum- 
bered with an excess of surface ; and a globular 
body can most readily dispose of this extra 
surface by approximating to the form of a 
tetrahedron. The excess of surface is disposed 
of with the least movement by flattening on 
four faces. Hence balloons composed of a 
skin of uniform thickness pass during their 
collapse through a tetrahedrd form ; and the 
same fifcape is observed ip air bubbles and 
hollow balls under external pressure. 

The tetrahedral collapse of a sphere is' 
analogous to the usual method in which short 
cylindrical metal tub^ collapse under external 
pressure. Green quoted a series of expeci- 
ments by Fairbaim on the crushing inward of 
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short tubes; and in Fmrbaim’s tests short 
tubes always gave way on three sides, so that 
the circular tube becomes triquetral, i. e. 
bounded by three concave sides. The original 
form and the triquetral shape after the collapse 
of one of the tubes used in Fairbaim’s experi- 
naents is given in Figure 27, The bending of the 
tube into this shape may be explained by the 
antipodal position of the elevations and depres- 


Fia, 27.~-The transverse section of a short collapsed tube 
(afto Fairbairn). The dotted line represents the original 
outline — the shaded area the form after collapse. 

sions. If the tube were Iftlled with some com- 
paratively rigid material then it would be 
expected that the tube should be kept pressed 
out on the side opposite the part that is forced 
In. Similarly in a sphere, the collapse at one 
point would naturally tend to press out the 
antipodal point. As a short cylindrical tube 
yields on three faces, a sphere naturally tends 
to yield on fotrr. The probability of this 
tetrahedral collapse has been recognised by 
some authorities on geodesy. Thus, according 
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to Mr. E. D 4 Preston. 


Nothing is more in 
accordance with the action of physical laws 
than that the earth is contracting in approxi- 
mately a tetrahedral form. Given a collapsing 
homogeneous spherical envelope, it will assume 
that regular shape which most readily disposes 
of the excess of its surface dimensions, or, 
in other words, the shape that most easily 
relieves the tangential strains; for, while 
th^ sphere is of all geometrical bodies the one 
with a minimum surface for a given capacity, 
the tetrahedron gives a maximum surface for 
the same conditions. Experiments on iron 
tubes, on gas-bubbles rising in water, and on 
rubber balloons, all tend to bear out the 
assumption that a homogeneous sphere tends 
to contract into a tetrahedron.” 

All that we know concerning the rocks in 
the deeper layers of the earth show that they 
are ihore plastic than is the crust; and that 
the earth is shrinking in volume appears to ' 
be the only reasonable explanation of the wide- 
spread contortion of the rocks of the earth’s 
crust. Hence it appears inevitable that the 
earth must suffer this tetrahedral flattening. 


$ 
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If the earth were fixed it might in time 
become a tetrahedron, but as the tetrahedral 
deformation is resisted by stresses due to the 
earth’s rotation the earth remains a globe 
slightly flattened on four faces. The ocean 
waters collect on these four depressions anH 
form the oceans. 

As the tetrahedral deformation flattens one 
polar area and leaves the other as a projecting 
coign, the Northern and Southern Hemi- 
spheres are dissimilar. 

That the figure of the earth is not a sphere 
or even an exact spheroid ^ is now admitted 
by practically all the authorities on the shape 
of the earth. When they speak of the form 
of the earth, the irregularities on the surface 
of the solid crust are disregarded. The 
phrase, “ the figure of the earth,” as used in 
astronomy and geodesy, refers to an assumed 
^figure known as “ the spheroid of reference.” 
‘The surface of this spheroid is often defined 
as the level at which water would stand if it 


^ In a sphere all sections are circnlar ; in a spheroid the 
equatorial section or any section parallel to it is circular ; 
and all sections through loth Poles are oval 



series of canals. The spheroid of reference is 
the height of the water level, if the land were 
all swept away and the earth were covered by 
a continuous ocean, excluding any variations 
due to the influence of tide or wind. This 
assumed figure was formerly regarded as a 
“spheroid of revolution.” If a curved band 
were stretched over the spheroid of reference 
from Pole to Pole and were so mounted that it 
could be moved around the earth on a pivot 
at each Pole, then if this band remained 
in contact with the surface of the spheroid 
of reference throughout its revolution that 
spheroid would be a spheroid of revolution. 
It is now recognised that owing to the irregular 
form of the earth this revolving band would be 
separated from the surface in some parts of its 
journey, and the ^p left between the spheroid 
of reference and this revolving band would 
show the extent of the departure of the earth ' 
from a true spheroid. According to Professor 
Helmert the difference between the form of the 
earth and a true spheroid is always gmoii 
The difference is one which it is very diflfcult 





Professor Jeans has described theearth as pear-shapi 
sh IS a similar form ; but as a pear has a curved m 
comparison with a p^-top seems the naore suitable, 
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cause the edges to buckle and collapse, and 
the world will recover its spheroidal form, 
though of a somewhat smaller size; and then 
on this sphere the process of tetrahedral 
flattening would start again. 

As to the rate of shrinkage of the earth we 
have no certain evidence. It is calculated 
that the sun must be growing smaller at the 
rate of a mile in diameter every eleven years. 
This rate is calculated from the amount of 
heat given off by the sun; and as the heat 
that comes to the earth’s surface from the 
interior is very small, the reduction in size of 
the earth is probably now very slow. One 
measure is afforded by the horizontal marine 
rocks of Jurassic and Cretaceous age which 
occur in wide horizontal sheets on the summits 
of the high plateaus of western Amprim 



more above sea level, as in the Himalaya ; but, 
without denying that beds can be uplifted 
without being crumpled or disturbed, it is 
easier to explain the elevated position of such 
horizontal marine beds as those in the Rocky 
Mountains by the 
level during their deposition, 


sea having been at their 
The lands 

which bounded that west American sea must 
have stood still higher, and if the average 
height of the land to the west of the country 
were then 2000 feet above sea level and has 
sunk below the Pacific to the depth of 15,000 
feet, the movement represents a shortening of 
the radius of the earth by nearly five and a 
half miles, and of the diameter by nearly 
eleven miles. A better measure is, however, 
the difference between the levels of the sea 
surface at the two dates. These marine beds 
were not laid down in a deep sea. If we assume 
that it was 3000 feet deep, the sea level has 
fallen about three miles since the Cretaceous 
Period, and the diameter of the earth would 
be about six miles shorter. 

The view that the earth has shnmk so much 
is opposed to the cohdusions of some high 
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authorities. Sir George Darwin has come to 
the conclusion that the earth has not shrunk 
perceptibly during geological time; and his 
opinion cannot be lightly dismissed, though on 
this point it is a corollary to a somewhat 
speculative mathematical arrangement. A 
geologist may therefore be excused for think- 
ing that the widespread contortion of the 
rocks, which proves that they have been often 
crowded into a smaller space by side pressure, 
is unmistakable evidence of contraction of 
the crust, and therefore of the shrinkage of 
the earth. 
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CHAPTER X 



THE DEEOEMATTON OF THE EAETH AND ITS 
GEOLOGICAL HISTOEY 

The geological evidence of the past history 
of the earth is the ultimate test of the theory 
that the plan of the earth is due to the 
deformation of a hard crust on four faces, 
ovfing to internal shrinkage. There are how- 
ever such great gaps in our knowledge of the 
distribution of land and water on the earth, 
especially concerning the Pacific area, that 
the test of geological history cannot yet be 
fully applied. Nevertheless, the general out- 
lines of the earth’s history are consistent both 
with the planetesimal theory and with the 
arrangement of land and water by tetrahedral 
deformation of the earth’s crust. 

The history of the earth is divided into four 
primary divisions or eras, known respectively 
as the Archseozoic, the Palseozoic, the Mesozoic 

and the Kainozoic (see p. 51). 
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earth is fully consistent with the occurrence 
of alternate periods of tetrahedral flattening 
and spheroidal recovery, for these changes 
explain many of the leading facts in geolo^- 
cal history. For example, although there 
may never have been a period during the 
earth’s history when volcanic action has been 
completely dormant, yet it has at certain 
periods been much more active than at othem. 
Outbursts of world-wide volcanic activity have 
alternated with intervals of volcanic rest. 

The earlier Archseozoic periods were marked 
by widespread and tremendous volcanic 
disturbances. They were less frequent and 
less universal during the succeeding Cambrian 
period. 

The next period, the Ordovician, was one 
of renewed world-wide volcanic activity, and 
it was followed by the Silurian, which was 
characterised by quiet deposition of sediments 
•with few volcanic outbursts. 

The Devonian was another great volcanic 
period, and the earlier part of the Carboni- 
ferous, represented in England and Ireland 
bv the thick series of Carboniferous lime- 
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i^oaes, was ia many coantiies another interval 
of qniescence, though great vrfcamie eruptions 
were in progress in southern Scotlsmd. 

The later part of the Carhoniferom and the 
Permian were marked by the renewal of violent 
volcanic activity accompanied by important 
earth movements and mountain building in 
many parts of the world. 

These great outbursts were followed by a 
long period of quiet, during which the 
Mesozoic rocks were being deposited. Then 
in the Upper Cretaceous and Eocene times, 
when the chalk and the London clay were 
being laid down in the south-east of England, 
volcanic activity on a great scale began 
again ; in the Eocene, the earliest period of 
the Kainozoic, there were volcanic eruptions 
in Africa and India, in Australia and America ; 
and nearer home the volcanic hills among 
the Western Mes of Scotland may have been 
bmlt up at this time. 

These colossal eruptions were followed by 
another interval of comparative quiet; this 
was broken by the widespread vdcanic erup- 
fitais and the world-wide wrtli ipoT^^bents 
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rocks were laid down as quiet sediments 
undisturbed by volcanic action. 

The succeeding Ordovician Period was one 
of intense volcanic activity. Each of its 
three subdivisions was marked by the piling 
up of liuge volcanoes. In the first of the 
three subdivisions — the Arenig — ^a long series 
of eruptions built up the mountain of Cader 
Idris ; a sheet of volcanic debris formed the 
Borrowdale slates of the Lake District; and 
some of the many lavas in southern Scotland 
flowed down to the sea and there consoli- 
dated in the rounded masses known as pillow 
lavas. 

In the middle part of the Ordovician — ^the 
Llandeilo Epoch — a volcano was in action 
at Builth, in Brecknockshire; and in the 
Upper Ordovician or Bala Epoch volcanic 
action was renewed with increased vigour. 
Snowdon was built up around one of the 
. volcanic centres in North Wales. A series of 
volcanoes were crowded together on the coast 
of Waterford, and evidence of another area 
of eruption is preserved in the hills of Kildare. 

In striking contrast to the volcanic activity 
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of Oxe Ordovician Period vra8 the almost 
complete volcanic quiet of the Silurian. The 
only established Silurian volcano in the 
British Isles was on the Dingle promontory 
in south-western Ireland, where a series ol 
tuffs and lava streams of rhyolite are inter- 
bedded with marine deposits. These series 
of rocks have generally been assigned to the 
middle part of -the Silurian; but according to 
a mcent paper by A. McHenry they should 
be referred back to the earliest part of the 
Silurian (Nature, February 8, 1912, p. 504). 
Throughout England and Scotland the 
Silurian rocks consist of sediments which are 
mostly marine, and were all laid down without 
volcanic interruptian. 

The Devonian Period was mjark^ by the 
resrunption of volcanic action. Most of 
Devonshire and Cornwall were covered by a 
sea, whose surface was broken by some vol- 
canic islands. In Scotland and Ireland the 
Devonian System is represented by Old Red 
Sandstones which were laid down cm land or 
in fresh waters; these sandstones are 
mated with many volcanic rocks, including in 
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Ihe Ochill Hills and the Mils of Argyll, flows 
of 'andesites wMch are allied to the lavas of 
the Andes. 

The Carboniferous Period began in England 
with tlie defiosition of shales and the thick 
beds of Carboniferotis Limestones; but the 
rocks are occasionally interbedded with layers 
of volcanic tuff, as in Derbyshire, and they 
show that there were occasionally volcanic 
eruptions during this period. Scotland, how- 
ever, at this time was a centre of intense 
volcanic activity. The eruptions began with 
the outpouring of sheets of basalt and allied 
rocks wMeh formed the lava plateaus of the 
Mils around Glasgow, and in the same period 
a great volcano built up Arthur’s Seat near 
Edinburgh. Subsequently volcanic action 
changed its character and built up numerous 
small scattered volcanic vents. The eruptions 
continued in Scotland into the Permian 
P€ri<^ during wMch volcanic action was mrtst 
important in Ayfshire. During the same 
period some smaller volcanoes were active; 
in DevonsMre. 

The Permian Period was succeeded by the 
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Mesozoic Era, and some 'volcanic rocks in 
Devonshire were at one time assigned to the 
Trias, the lowest of the three divisions of the 
Mesozoic. They have been proved to be of 
Permian age and there is no trace of volcanic 
activity during Mesozoic times in any part 
of the British area. 

After the end of the Mesozoic the eruptions 
burst out anew in Ireland and western 
Scotland. The exact date during the Kaino- 
zoic Era of these eruptions is still doubtful, 
as the fossil plants foimd associated with the 
volcanic rocks do not give evidence. The 
^uptions began either in the Eocene or Oligo- 
cene, and they took place at a series of vol- 
canic centres, around which were built up the 
plateau of Antrim, and the volcanic masses 
in the islands of Mull and Skye, and on. the 
peninsula of Ardnamurchan. These great 
eruptions were probably contemporary with 
those which laid the foundation of Iceland 
and covered parts of Greenland with sheets 
of volcanic rock. 

The variations in volcanic intensaty during 
successive geological periods may be explained 
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as due to the alternation of periods of violent 
disturbances of the earth’s crust with periods 
of slight and gentle movements. As the 
earth shrinks in size the crust sags gently 
downward. For a time the crust may easily 
accommodate itself to the internal contraction, 
and volcanic activity is dormant. As the 
shrinkage proceeds the crust becomes de- 
formed and unstable ; and the earth ^Iltimately 
recovers stability by great readjustments 
of the surface. During these movements 
the crust is fractured and parts of it sink, and 
at such places the pressure on the tmder- 
lying rock is especially heavy. This extra 
weight on the superheated plastic rock and 
the opportunity given for its escape through 
the fractures occasion fresh periods of volcanic 
activity. 

At one time the view was held that any 
change in the earth’s shape was impossible. 
JThe earth was regarded as a true spheroid, 
and as rigidly confined to that form by its 
rotation on its axis. If so, the deformations 
of the earth required by the tetrahedrjd 
theory could never have occurred. It is, 
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howYcr, now admitted t&% the ewrth is not 
exactly a spheroid- It is a getdd—thafc is 
to sayi the earth has no regular gecHactrical 
figure, hut is earth-shaped. Its shape appears 
to be like a badly made peg-top, flat in the 
Arctic and more pointed at the Antarctic Pole, 
and with its Equator not exactly a circle. 
The existence of such irregular deviations from 
the spheroidal form indicates that other 
deviations due to irregular elevations or de- 
presaons are possible. These deformations 
are no doubt very small in comparison with 
the full diameter of the earth; for only the 
ccHuparatively slight difference of ten or 
twelve miles in a diameter of nearly 8000 
miles separates the level of the ' high^ 
mountain from that of the deepest sea. A 
subsidence which is inappreciable in reference 
to the bulk of the earth would convert a 
continent into an ocean. 

The oceans occupy basins due to subsid- * 
enees- The continents are composed of areas 
which have been either directly uplifted or 
have been Irft upstanding owing to the sinking 
of the areas now occupied by the oceans. 
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The crust of tBe earth, instead of being 
rigid, is in constant movement. It is always 
quivering with slight tremors and undergoing 
slight elevations and depressions. It appears 
to undergo slow but frequent changes in its 
external form, which though slight are import- 
ant in their total effects. The crust is so 
unstable that the North Pole wanders about 
over a small area; and this wobbling of the 
earth has been regarded as due to unequal 
loading of the surface by heavy snowfall or 
rainfall upon one part of the Arctic regions 
being unl^anced by an equal weight on the 
oliher side of the Pole. 

Professor Milne recognised by his seismo- 
^phs the sinking of the western side of 
Japan after heavy rain Sir George Darwin 
observed the subsidence of the bed of the 
English Channel by the extra weight of water 
in it at high tide, and its re-elevation on the 
removal of this load at low tide. Recently 
R^fessor Hfecsker has shown that it is possible 
to measure the tidal rise and fall of the land 
under the attraction of the sun and moon. 

The earth, owing to the combined influence 
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The oldest known period of which we have 
any appreciable knowledge of life on the earth 
is the Cambrian, and we find then that the 
distribution of land and water on the globe 
greatly resembled that of the present day 
(Kg. 29). Thus, North America was a great 
triangular continent tapering southward and 
washed on both sides by Cambrian seas. 
Its form was like that of the existing con- 
tinent, but it was situated somewhat further 
to the east. Europe consisted then, as now, of 
a series of peninsulas and seas, but the main 
mass of the European lands lay further 
to the east, as it extended from the Baltic 
into central Asia. The sea which covered 
part of the British Isles extended eastward 
to the north of the European contineat, and 
it spread southward again in. eastern Siberia. 
Apparently the great backbone of Asia was 
already land and included Manchmia and 
probably a large area in the northern Paciflcs 

In the Southern Hemisphere, according to 
Professor Freeh, all the northern part of 
South America was occupied by a Brazilian 
island of continental size. Africa was con- 
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nected north-eastward to Europe and it 
extended southward to Cape Colony; and it 
probably tapered to a point in that direction, 
as some Cambrian fossils are reported from the 
western coast of southern Africa. Parts of 
Australia were also land, but much of that 
continent was covered by a sea of which one 
am\, extended northward into China, and 
another southward, probably across South 
Victoria Land and nearly, if not quite, to the 
South Pole. 

The land of the world in Cambrian times 
appears, therefore, to have consisted of three 
great northern continents which tapered 
southward, and of three insular or peninsular 
continents which extended southward into a 
great southern sea. The widespread marine 
deposits in northern Europe, northern Asia 
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The striking resemblalhces between the 
distribution of land and water in Cambrian 
times and in the present would appear to 
surest the permanence of the oceans and 
continents; but examination of the plan of 
the earth in subsequent periods shows 
fundamental differences in the distribution. 

On the tetrahedral theory the chief changes 
in the arrangement of ocean and continent 
should be due to movements along two series 
of lines. We should expect the lands that 
extend north and south along the vertical 
tetrahedral edges to be often present, and 
to show signs of great earth movements 
along lines approximately one-third of the 
distance around the globe apart. But as the 
earth by the shrinkage of its raised edges 
recovers its spheroidal form, long belts of 
land and sea would naturally be developed 
along lines running east and west. With a 
new period of shrinkage the tetrahedral • 
plan of the continents would be again estab- 
lished; but the polar depression need not 
always be at the northern Pole. When there 
is an ocean at one Pole there should be a 



uuiiuuem; at tne omer; but it would be quite 
possible to have a South Polar ocean and an 
Arctic continent owing to the tetrahedral 
collapse taking place around the South Pole 
instead of around the North. The positions 
of the vertical tetrahedral edges should be 
fairly constant; but the three edges around 
the polar depression might develop sometimes 
in the Northern and at others in the Southern 
Hemisphere. 

The evidence as to the former distributions 
of land and water are consistent with these 
expectations. Thus, passing from the Cam- 
brian to later periods, there is a great change 
in the arrangement of land and water. How 
complete these changes are may be shown by 
comparison of the maps of North America 
in the Cambrian (Fig. 80 ) and in the Silurian 
(Fig. 81 ) periods copied from the recent series 
of palseographicaJ maps by Mr. Bailey Willis.^ 

The North American continent of Cambrian 
times has disappeared almost completdy in 
the Silurian Period. , 

^ Outlines of Geologic History, vnfk JEepecial Reference to 
North America. A series of essays organised by Bailey 
Willis ; edited by RoUin D. Salisbury. Chicago : 1910. 
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Change in other parts cff th© •WifMiil are no 
important. Thus, Professtor Freeh’s map 
^ iite world at the beginning the Otdo- 
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vician Period shows (Fig. 32) an almost com- 
plete reversal ol land and water between the 
Northern and Southern Hemispheres, as 
compared with the present plan. There was 
a great Arctic continent and an Antarctic 
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covered all the Indian Ocean and connected 
northern Ailstralia and Africa. Ito stofe 
of South America, according to Freeh, was 
strikingly like that of the existing continent 
only inverted; it tapered northward and was 





J 82 THE MAKING OE THE EARtH 

connected by the narrow Al^nkian penin- 
sula to Greenland. 


In two respects Freeh’s map seems to require 
amendment. Thus, there is weighty evidence 
to show that the southern part of the South 
American continent, the boundary of which 
Freeh marks as doubtful, should be ex- 
tended both westward and eastward. Also 
there was a great land in Manchuria which 
probably extended southward and was 
connected with the lands to the north of 
Australia; and this North Pacific land would 
have been antipodal to the sea that then 
existed ^in the South Atlantic. If these two 
modifications be made then the world in 
the beginning of the Ordovician had a tetra- 
hedral symmetry, but the relative positions 
of land and water in the Northern and 
Southern Hemispheres were reversed. 

In Upper Palaeozoic times, at the end of' 
the Carboniferous Period and at the beginning 
of the Permian, there is even clearer evidaiee 
of the recurrence of the Lower Ordovician 
arrangement. For a continent extended east 
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and west across the. SoiSiierti Henasphere 
from Australia through India and Africa to 
South America, most of which was included. 
This great east and west continent is known 
as Gondwanaland, from the Gondwana beds 
of India. This land was characterised by a 
special vegetation which is known as the 
Glossopteris Mora, after its most typical 
plant. Glossopteris was a fern or fern-like 
plant with large blunt leaves, each of which 
has a prominent midrib (Fig. 83). The leaf 
somewhat resembles that of our Hart’s Tongue 
Fern. The plant grew from a creeping under- 
ground stem or “ rhizome,” which wsis long 
regarded as a distinct plant and was named 
Vertebraria (Fig. 34). 

This Glossopteris Mora ranged from 
Australia through India to Russia and 
through Africa to Brazil (Mg. 35). Except 
in Russia it has not been found in the northern 
lands, which were occupied at the same time 
by a distinct flora. This northern vegetation 
was characterised by the great tree ferns and 
^ant horsetails (Calamites) which supplied 
the material for our coal seams. These 
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northern plants are not found in the South- 


Fra. 33. — ^Aloaf of Fia. 34. — Veiijebrar!a-~tli© 
gloesopteris. underground toot of glossopterisw 

em Hemisphere, except that they extended 
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along Africa to an isolated colony at Tete 
on the Zambesi in Portnguese East Afrint^ 
(Rg. 85t), where some of the northern plants 
lived in association with Glossopteris and 
thus proved that the two horas were con* 
temporary. 

Gondwanaland appeans to have been 
isolated from North America, which then 
extended northward to join the Arctic 
continent ; and according to Freeh there 
was at the same time a South Polar ocean. 
Gondwanaland projected northward, from a 
base between Africa and India, into eastern 
Europe, for the plants of that date charac- 
teristic of the Southern Hemisphere, spread 
apparently there alone, into the north temper- 
ate zone. North of Australia there was a great 
continent which extended southward from 
the Arctic continent into China; aad a third 
land of this period covered the northern part 
of the British Isles and Scandinavia. Sub- 
sequently, in the middle period of the earth’s 
history, the Mesozoic, the interchange between 
land and sea, can be recognised as due not to 
local uplifts and depressions, but to world- 
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’m<Ie movements of advance and retreat 
of the sea, which have been established by 
Professor Suess. 

Thus the great continents that existed at 
the beginning of the Mesozoic Era were slowly 
submerged by successive advances of the 
sea, which took place simultaneously in many 
parts of the world. The simplest explanation 
of these periodic expansions of the sea is 
the slow uplift of the sea floor causing the 
shallowing of the ocean basins. The most 
important events in the history of the earth 
during the Mesozoic Era were the repeated 
shallowing of the ocean basins and con- 
i^uent great extension in the area of the 
sea ; and these events were probably due to the 
restoration of the spheroidal form of the earth 
from the tetrahedral deformation at the end 
of the Palaeozoic Era. 

1116 slow, quiet movements throughout the 
Mesozoic Era terminated with a fresh out- 
break of violent disturbances. It was prob- 
ably during this period that the North Atlantic 
and the Arctic Oceans were formed by the 
sinking of blocks of the earth’s crust; and 
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these movements wftre accompanied by power- 
ful volcanic eruptions along the intervening 
area from Greenland to Scotland. 

Then, after another period of comparative 
quiescence, followed the last of the great 
periods of mountain formation — ^the Miocene,^ 
during which widespread fold movements 
raised the Alps and the Himalaya and the 
other mountains connected with them. Move- 
ments of the same period but of a different 
type formed the Western Mountains of North 
America and the Andes in South America, 
and the great mountain chain of which the 
fragments from Japan to New Zealand remain 
as the island festoons along the western 
shore of the Pacific. 

^ These mountain-building movements continued ints 
the next period, the Pliocene. 


♦ ' , , I. , 





THE GEOGHAPHICAI- ELEMENTS IN THE EXISTING 
CONTINENTS AND OCEANS 

The distribution of land and water on the 
earth is the result of the arrangement of 
various elevated and depressed areas of land, 
which are known as the “ land-forms.” These 
land-forms are due to the combined effect 
of denudation and deposition on the surface 
and to earth movements caused by under- 
ground forc^. 

The land-forms are divided into three 
“ positive land-forms ” — ^mountains including 
hills, plateaus, and plains — and two “ negative 
land-forms,” which exist as hollows between 
the positive land-forms. The negative land- ' 
forms include valleys which are long and 
narrow, and basins which are very wide or are 
wide in proportion to their length. Most 

v^eys are cut by denudation and are valleys 
190 
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of excavation ; othirs are formed by faulting, 
and they are known as rift valleys. 

The various types of land-forms may be 
illustrated by Figure 86. 

The different land-forms were at first 
attributed mainly to earth movements and 
earthquakes. So soon, however, as geologists 
carefully observed the processes at work upon 


Mountain 


Cf<S PlSih dissecated 
by Valt^a 

Sea 


Fig. 36. — ^The land, forms. 

the earth’s surface it was recognised that the 
effects of the quiet but restless processes of 
denudation are often greater than the geo- 
graphical features due to deep-seated causes. 
The explosion of the volcano of Tararewa in 
New Zealand in 1886 formed a valley nine 
miles long in the course of a few hours. 
Chasms formed by such dramatic geographical 
incadeats are less important, even in such 
volcanic countries as New Zealand, than 
gorges formed by the slow excavating action of 
ers. It is therefore not surprising that 
the spread of closer observation, all the 
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inaia features iu the rdief* of iliye ewtit’s 
should have been attributed to ^udaildn. 
They were usually regarded as due solely 
te carving by external agents, while the eafth 
itsdf remained as inert as a block of marble in 
the hand of the sculptor. There is, however, 
abundant geological and geographical eVidOttCe 
that the greatest features on the wrth’S Crust 
are due to internal causes. The agents of 
denudation merely polish and mould the 
features which are caused by earth movements. 

The existing continents are the result of a 
complex series of movements of elevation and 
depressaon. The main axes of elevation and 
the position of the chief oceanic basins are 
determinwl by the mechanical conditions 
which dispose most easily of the excess of 
crust, when it becomes too large ; the details 
of the shape of land and water vary with the 
structure of the land-forms. 

The lands of the world are built on three* 
main types of structure — ^massive raised blocks, 
crumpled bands, and wide spread-sheets of 
sediments. 

The massive earth-blocks are the oldest 



been named tbe earth’s coigns — word used 
in crystallography for the projecting comers 
of a crystal. The coigns include Scandinavia^ 
Labrador, the peninsular part of India, most 
of western Australia, the highlands of eastern 
Brazil and much of tropical Africa, 

In addition to these major coigns there are 
many smaller blocks of ancient rocks, which 
appear to have been areas of comparative 
lability and to have acted as secondary coigns. 

The crumpled bands are more widely 
distributed. In the earliest geological period, 
crumpling was probably universal over the 
earth ; but it soon became restricted to special 
bands owing to the thickening of the crust. 
The vertical movement of blocks of the crust 
has gradually become more important than 
the horizontal crumpling, and has determined 
the character of wider regions on the earth’s 
surface. 
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The crumpled bands arw abw in two wndi- 
fibns, dependent mainly on age. The later 
fold-mountains are in long eontinuotis bands. 
The older fold-mountains have been broken 
up and remain as scattered higWands often 
surrounded by plains of younger sediments* 
Thus fragments of the older mountmn systems 
form the hills of Brittany and Cornwall, the 
Ardennes, the Central Plateau of France, the 
Hmrz and other moimtains which rise above the 
German plain, the plateau of Bohemia, and the 
Appalachian Mountains in the United States. 

The most important of the recently folded 
bands on the earth is that of the Alpine- 
Himalayan Mountain System, which traverses 
Europe and Asia along a line from east to 
west. It was due to the southern part of the 
north-temperate belt being thrust northward 
against the northern part. The course of the 
folded mountain band is very sinuous, as the 
folds were kept back in some places by the 
resistance of massive blocks of rock which were 
so strong that they resisted folding. These 
stubborn masses have been named by Pro- 
fessor Suess geological forelands, because they 


.'i ' . 









CONTINENTS AND OCEAIJS 195 

kept back tke grea| earth waves, as the fore- 
lands along a coast keep back the waves of the 
sea. It is these forelands that form the 
foundation stones of the continent, and be- 
tween them the folds flowed northward as into 
bays. 

The second band of modem earth-folding 
surrounds the Pacific Ocean, and its earth 
movements happened at approximately the 
same time as those which formed the Alps and 
Himalaya, The Circum-pacific fold-mountains 
probably formed a complete girdle around the 
Pacific Ocean ; there is a wide unknown gap on 
the Antarctic side, but the evidence from 
Graham Land suggests that the southern 
shore of the Pacific had the same structure 
as the eastern and western. The Circum- 
pacific folds were due to pressure from the 
lands toward the Pacific, but they were 
accompanied, or perhaps caused, by the 
subsidence of its floor. The land waves thus 
rolled toward the sunken area. 

The essential differences between the Alpine 
and Circum-pacific mountains is that the 
Alpine waves broke against chains of rocky 
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foidaads, whereas those /aotiad Ae Padfic 
advanced freely. The Aljme waves were 
due to pressure from the laud behind* whereas 
the Circtun-padfic were due to* or aommpanied 
by, the collapse of the area in front. Sub- 
ddences were far more important in the case 
of the Padfic than of the Alpine inmntains* 
and the subsidences in the former were in 
front of the mountains. In the Alpine lines 
they were often behind it. 

Connected with these differences is the 
difference in volcanic activity. There were 
no volcanoes on the Alps, though there were 
numerous volcanic outbreaks in the basins 
formed by the subsidences behind the main 
Alpine line, and there were scattered volcanic 
fields in front of it. The only places where 
volcanoes occur in the mountains of the Alpine 
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fields on the -western mountains of North 
America, some of the volcanoes of Japan, and 
those upon the plateaus in the North Island 
of New Zealand. The volcanoes occur less 
often along the shore, as in the Aleutian 
Islands, and on Banks Peninsula and at 
Dunedin in New Zealand. 

In the New World the Circum-pacific 
mountains consist of the Western Mountains 
of North America extending from Alaska into 
Mexico ; in South America they consist of the 
Andes, which range from Venezuela to Pata- 
gonia. On the western side of the Pacific this 
corresponding mountain line has been broken 
into fragments, which form a chain of islands 
from Japan to New Zealand. 

The interspaces between the coigns or great 
blocks of ancient rocks and the folded belts 
are often occupied by wide plains of com- 
paratively young sedimentary rocks; the 
. frequent interchange between land and sea in 
these areas causes the great changes in the 
range and shape of the continents. 


Each of the continents (Fig. 87) is built 
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up therefore of those three types of naaterials, 
the ancient blocks which are fragments of 
older lands, the younger fold-mountains, and 
the interfillings of sediments. 

In Europe, the north-western comer, in- 
cluding Finland, Scandinavia, most of Scot- 
land and part of northern Ireland, conasts 
of a number of blocks of very ancient rocks ; 
and these blocks are all fragments of the old 
continent of Arctis, which once extended 
■westward and included the eastern part of 
North America and Greenland, artd oftm 
Spitsbergen. The whole of this land was not 
necessarily above sea level at the same time; 
but most of it has been very often land, and 
some parts of it have probably never been 
submerged by the sea. 

The second element in the structure of 
Europe includes all the mountains of the 
Alpine System :~the Pyrenees, the Alps, the 
Carpathians and the Balkans; they once 
continued across the Black Sea and joined 
the Caucasus. From this main Alpine band 
two loops branched off to the south. One 
of the loops crossed the western Mediter- 
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taiQeaa and passed tbitpigli the Baleam 
Islands to the Sierra Ne’r^st of southern 
Spain ; it then bent back across northern 
Africa through the Atlas Mountains and across 
Sicily and along the Apennines through Italy 
to the Alps. The second loop is formed by the 
mountains on the western ®de of the Balkan 
Peninsula, and, like the Pyrenees, it was 
somewhat earlier in date than the main Alpine 
movements. 

The irregular course of the Alpine moun- 
tains across Emope was due to the resistance 
of some massive earth blocks which resisted 
crumpling and kept back the Alpine line 
in front of them. The chief of them are the 
Meseta or main plateau of Spain, the Central 
Plateau of France, the Black Forest in Ger- 
many, Bohemia, and the area known as the 
Bussian Platform in south-western Bussia. 

The r^t of Europe is composed mainly of 
sheets of sediment spread out in level plains 
or gently undulating hills. These sheets form 
the great European Plain, the plains in the 
basins of Hungary and Lombardy on the 
inner side of the Alpine folds. The plains are 
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iatermiAed oecasic®ially by fragments of older 
mountain systems (the secondary coigns)* as 
in the Ardennes of Belgium, the hills of 
Brittany, Cornwall and the south of Ireland. 

Asia, though now widely linked to Europe, 
was separated from it in early Kainozoic 
times by a sea which connected the Arctic 
mid Indian Oceans across eastern Russia and 
Persia. Asia consists of four main elements. 
They are the remains of an ancient continent, 
the Angaraland of Professor Suess, which 
forms most of north-eastern Asia, and was 
connected with the ancient plateau of southern 
China. To the east of Angaraland are the 
large plains of western Siberia. To the south 
of both these units are the fold-mountains of 
the Alpine System, some of which have broken 
across part of Angaraland The main line 
extends from the Caucasus to the Himalaya. 
As in Europe, there is a series of loops on the 
southern side; the westernmost of them leads 
from the’ south of the Caucasus through Persia 
and across Beluchistan to the Suleiman 
Mountains ; through them it goes northward 
to rejoin the main chain in the mountain knot 
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Of the Pamir, Thence the inain line continues 
eastward through the ilfiimlaya until the 
resistance of the Chinese platmu has forced 
it southward, and part of it now lies beneath 
the Bay of Bengal; it reappears in Sumatra 
and continues through Java and across the 
Malay Archipelago. Further east it may 
join with the contemporary Circum-pacific 
mountmns in New Guinea. 

To the south of the Himalayan Mountain 
System there are two ancient plateaus — 
Arabia and the peninsula of India — ^which are 
remnants of the former continent of Gond- 
wanaland. Of this dismembered continent 
Australia and most of Africa are both great 
fragments. 

Africa includes two other elements; for 
the Atlas Mountains in Northern Africa 
belong essentially to Europe, arid though 
southern Cape Colony was once joined to Gond- 
wanaland, it is part of the edge of a foundered 
land which once lay further to the south. 

North America consists of two ancient 
mountain masses, one in the eastern and the 
other on the western side of the continent. 
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The eastern is the larger; it was the western 
part of Arctis, from which the region of the 
Appalachian Mountains and the eastern coast 
lands of the United States repeatedly pro- 
jected as a southern peninsula. To the west 
of the continent was an ancient land which 
included the site of the Rocky Mountains ; at 
various periods it extended southward into 
Mexico and north-westward into Alaska. 
Between these western and eastern lands, the 
sea has repeatedly extended northward from 
the Gulf of Mexico to the Arctic Ocean. The 
formation of North America has been due to 
the filling up of this inland sea by the deposi- 
tion of sediments. The eastern and western 
lands have thus been united, while they have 
been narrowed by the foundering beneath 
the Atlantic and the Pacific of their fomier 
eastward and westward extensions. 

To the south of the United States are the 
remains of an. ancient land known as Antiilia, 
as it included the area of the Antilles. This 
continent was in existence a little before the 
deposition of oTir chalk, and has been gradually 
destroyed by repeated subsidences. 
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lo South America the laigest single element 
is that whi<ii forms the highlands of Brazil 
and of Guiana; it is the westernmost fragment 
of the ancient continent of Gondwanaland. 
iJong the western coasts in Chili and Peru 
there are some very ancient rocks exposed at 
the foot of the Andes, and they, with the 
sedimentary materials to the east of them, 
indicate the former extensioh of the land west- 
wsud into the Padfic. For some of the sedi- 
mentary rocks in the Andes near the western 
coast consist of beds of pebbles, which become 
smaller and pass into sands further to the 
east, showing that the source of these materials 
was land to the west of the present coast of 


Of the oceans of the world, the one Cf which 
we have fullest information concerning it® 
geological history is the sea wHdk Pi!of<Kia«Mr 
''Su®s has .caied the Tefhys. . : It WfMS an inlkii^l' 
sea which extended east and west from the ^ 
West Indies between northern Europe and 
Africa, and across Asia to the Pacific. It wari 

^ Vide Bnrckhaidt, Mev. Museo de la Plata, vol. x, 1902 , 

Tin iW-ias. 
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bounded to the i^orth by the continents of 
Arctis and Angaraland and to the south by 
Gondwanaland and the relics which have 
survived from it. 

The Mediterranean and the seas of the West 
Indies are the last remnants from this Tethys. 
The original basin has been greatly diminished 
in size, but the Tethys has gained in return by 
giving birth to the Atlantic Ocean. The 
Atlantic has been formed by two gulfs which 
extended north and south from the Tethys, 
and they by repeated enlargements, due to a 
foundering of the wastlands, have developed 
into the Atlantic. 

The age of the Pacific is much less certain. 
The widespread range of marine rocks of the 
age of our New Red Sandstone suggest that 
the Pacific may date from the Tuas, but 
its close connection with the Cireum-padfle 
inountains, which are of Kainozoie age, 
suggests that it has existed in its present 
form only from the date of the elevation of 
the mountain chains that rise around its 
shores. 








PART IV 

THE SHARE OF LIFE IN THE FREPARATION 
OF THE EARTH 


CHAPTER XII 

THE BIOSPHERE 

The earth during its making has passed 
through four main stages. First, the con- 
solidation of the metallic meteorites into the 
sohd globe; second, the separation of the 
stony crust from its metallic core; third, the 
condaisation on to the surface of the earth 
of the waters in the oceans ; and fourth, the 
buckling of the surface into the elevations 
which , fom the lands, and into the great •: 
basins which contain the oceans. The land ^ 
and water were thus separated by deformation 
of the earth’s crust. 

The earth, however, at the end of these 
stages was still incomplete, for it would have 
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been unfit for occupation by man. It still 
required such changes on the earth’s surface 
as rendered the existence and development trf 
life possible upon it, and the prolonged action 
of the lower kinds of animals and plants in 
the preparation of the earth for human 
occupation. Organic remains have added 
so much to the materials on the floors of the 
sea and in the surface layers on the land that 
Walther has suggested that in addition to 
the four usually accepted zones of the earth, 
the barysphere, lithosphere, hydrosphere and 
atmosphere — a, separate zone, the biosphere 
should be established for the layer in which 
the products of animals and plants are the 
most important constituents. 

The occupation of the earth by the higher 
animals and plants required a preliminary 
chemical and physical preparation of its 
surface, so that the lower forms of life could 
exist and gradually prepare the materials 
necessary to the more highly developed 
organisms. The existence of life on land 
required the breaking up of the surface by 
the various chemical and physical agents; 
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soil, which is a layer of completely decayed 
material, coloured brown by the organic 
matter; and lying immediately beneath the 
surface. 

The chief agents in the formation of the 
are the rttbistUre land the gasra of the 
atmosphere. Water in the soil is charged 
with acid gases, and as it soaks into the rocks 
it dissolves out some of their constituents. 
K the ground should freeze at night the 
water in the pores of the stones expands 
suddenly as it is turned into ice, and thus 
helps to break them into powder. The 
water, moreover, combines chemically with 
some of the constituents of the rocks, and 
the expansion due to this chemical change 
also helps their disintegration. 

The two chief gases in the atmosphere 
which attack the rocks are oxygen and carbon 
dioxide (CO^). The carbon dioxide is the 
more important in this connection. It tmites 
with various earths and alkalies to form the 
carbonates, of which the most important is 
carbonate of lime. 

The essential constituents in the tissues 
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©f both animals and plants are complex 
compounds composed of the elements carbon, 
oxygen, nitrogen and hydrogen, and all four 
dements exist in the atmosphere. Plants are 
largely composed of water and of compounds 
containing carbon, which is extracted from 
the carbon dioxide in the air. This gas is 
decomposed in the plants, and the carbon is 
fixed in the vegetable tissues as some complex 
carbon compound. The nitrogen, which is 
essential for the food of animals and ordinary 
plants, is first obtained from the atmosphere 
or from the air in the soil, by the action of the 
primitive organisms known as bacteria ; most 
plants obtain their nitrogen from nitrogenous 
compounds present in the soil. The nitrogen 
is then converted by the plant into products 
which animals can use as food. 

Animals are therefore dependent on plants 
: JoJ; ttidr nitrograious foods ; but in sidnm 
they help to enrich the soil with nitrogenous . 
materials. Thus worms and burrowing 
animals working through the seal continually 
fertilise it with their excrement, and also 
with their bodies after death. 
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The soil is therefore the factory in which, 
directly or indirectly through the plants above 
it, the nitrogen and carbonic dioxide of the 
atmosphere are converted into materials 
which can be mied as food by animals. 

The soil is also all important as a purify- 
ing agent. The decomposition of organic 
materials on the earth’s smface gives rise to 
poisonous materials and nourishes injurious 
germs which cause disease. If these germs 
sink underground they may multiply rapidly 
owing to the warmth and darkness, and may 
spread and contaminate the water supply of 
a large district. The soil, however, acts as a 
filter, and as water percolates through the 
living mould the injurious organic materials 
are attacked and rendered innocuous. Hence 
if polluted water percolates down through a 
soil into subterranean reservoirs of drinking 
water, the germs are destroyed on the way. 
The rain is thus purified and added to the 
underground supplies of water in a conation 
safe for use. 

The soil is therefore our ultimate source of 
food supply and the univemal scavenger, 
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wiiichi keeps the surface of the earth dean and 
protects our wdl water from pollution. The 
soil, however, requires constant refertilisation. 
Its soluble food constituents are continually 
bdng removed and carried to the sea by 
rivers; and in time the soil would become 
exhausted and barren. Many of the second- 
ary rocks axe very poor in plant foods, in which 
the primary rocks are usually much richer. 
The most important mineral plant foods are 
the alkalies, soda and potash, the earth 
calcium, and a few other elements such as 
jrfiosphorus and sulphur. Most of these 
materials are contained in the deep-seated 
primary roeks. The great disturbances of the 
e&rth’s crust whidi built up the mountains of 
the world have lifted the primary rocks above 
t^e surface, so that they are, subject tOj ti^e 
*#ackof tbe atmospheric agasdes- The Cdn't 
sriiuents veduable m the food of plants are 
washed down the hillsides and refertilise the 
soils of the lowlands, where the climatic 
conditions are most favourable for agriculture. 

Volcanoes also play an important part in 
rmring, deep-seated rocks rirflljn 
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phorus, and alkalis above the earth’s surface. 
Volcanic dust is carried far and wide by the 
wind; the volcanic rocks themselves decay 
under the action of rain and atmosphere, and 
the debris is washed down the sides of the 
volcano and spread over the lower slopes and 
there forms the extremely fertile soils for 
which old volcanic lands are famous. 





CHAPTER Xm 


PSOTOBION — THE iTBST LIFE ON THE EAETH 

The soil requires, however, not only en- 
richment by inorganic substances, but also by 
various organic constituents, such as the 
nitrogenous materials produced by bacteria 
or introduced by worms. A soil obtains the 
materials useful to the higher forms of life 
from the products of lower types. The 
devdopment of the higher animals is possible 
only owing to the prolonged previous activity 
of the more primitive forms of life. How life 
originally appeared upon the earth ie : a 
qiiesMan to which the only answers notf 
dWe are little more thto indefinite sugges- 
tions. Lord Kelvin maintained that life may 
have come to the earth as a spore borne by 
a meteorite from some other world. This 
is certainly a possible explanation of the 

krival of life upon our earth ; for Bporiw 

- 214 ■ = ' 
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retain their vitality for prolonged periods, 
and can survive exposure to the most intense 
cold. Hence if a world were shattered by the 
disruptive approach of another heavenly body 
some of the fragments might carry with them 
germs which might retain their vitality even 
during a long journey through the intense 
cold of outer space. The most serious danger 
to the germ would be that of being burnt 
when the meteorite is heated by friction with 
the earth’s atmosphere ; but if the spore lay 
in a deep crack it might remain quite cold 
although the surface of the meteorite were 
rendered white hot; for the heat due to 
friction with the atmosphere is only sufficient 
to fuse a very thin skin on the surface of a 
large meteorite. The interior remains* in- 
tensely cold. Nevertheless, Lord Kelvin’s 
hjrpothesis only purposes to explain the 
distribution of life through the rmiverse and 
’^iot it»; ptigin. 

The same objection applies to the theory of 
Professor Svante Arrhenius, who has su^ested 
that living matter could pass from star to 
star without the intervention of a meteorite to 



by light pressure.’! The impact of rays of 
%ht falling upon a thin body prmes it 
backward. This fact is well known from 
the radiometer, a familiar exhibit in the shop 
windows of scientific instrument makers. It 
consists of four arms with very thin vanes 
mounted on a pivot in a vacuum; the arms 
revolve when exposed to the action of strong 
sunlight. Similarly the pressure of the waves 
of light upon a minute spore would, according 
to Professor Arrhenius’ calculations, be suffi- 
cient to drive it through the atmosphere and 
so on to some distant sphere. 

Both Lord Kelvin and Professor Arrhenius’ 
theories only transfer the problem of th® 
or^n of fife to some other sphere; and tk© 
ecmditfons on the early earth appear to have 
befen as suitable for the first development ot- 
life as any that we can reasonably assume to 
have existed elsewhere. Hence it ,ia;prpba|)ilp 
timt the life of the earth is one of its ^ own 



the origin of life must be attributed to a direct 
act of creation. However great the difference 
between the living and the dead, the distinc- 
tion is very difficult to dehne. That difficulty 
alone suggests that the separation between the 
living and non-living is not so absolute as has 
been often represented. The ordinary defini- 
tions in the dictionaries explain life as the act 
of living, as the “vital force,” or as the 
difference between living and non-living 
matter. Such statements assume the differ- 
ence they make no real effort to define. 


s m mnid tlmt tlia term organic is 
inea ni i sgs. Organic nsually means 
led hy life ; an organic product Is 
cnoios. 111 cliemical nomenclature, 
>l‘giya» substance is one coutaiaing 
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of the most 


seriotis ^ttciiijpts'' a defimtioa. 

Life, it says, is “ The potential principle, or 
force, by which, the organs of animals and 
plants are started and continued in the per- 
fomamce of their several and co-operative 
functions; the vital force, whether regarded 
as physical or spiritual.” That definition, 
however, merely asserts that life is the living 
force of animals and plants, and in its answer 
repeats the term it endeavours to explain. 

The attempted definitions of life have 
proved remarkably unsuccessful. Professor 
Judd, in his Presidential Address to the 
Geological Society in 1887, quoted the defini- 
tions of two leading biological philosophers, 
George Henry Lewes and Herbert Spencer. 
George Henry Lewes’ definition is writteh ih 



‘i^Jt 
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ieznal co-existences and sequences.’- Pro- 
fessor Judd showed that both these definitions 
are also applicable to the force that controls 
the growth of crystals. The development of 
complex crystals takes place by a series of 
definite and successive changes both in 
structure and composition which take place 
without altering the identity of the crystal. 
Thus, to take a simple case, a single crystal 
of felspar when tested by suitable optical 
methods may be found to consist of a series 
of zones which have been built up one around 
the other. The successive zones differ in 
composition ; and in consequence of this 
difference they vary also in molecular struc- 
ture. The central part of the crystal may so 
react on polarised light that it is said to have 
d high angle of extinction. This angle of ex- 
becomes smaller in the successive 
until in the outermost the angle 
"Df extinction may be reduced to nothing. 
This optical test is accepted as proof that the 
proportion of lime priwent in the cryst^ 
decreases fjpom the Centre to the margin* 
The “ vitality of the crystal has enabled it to 
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undergo a long seriKs of dbanges in struetwr^ 
and composition without altering its identity. 
It is one individual crystal. It may sub- 
sequently be so completely altered that it may 
be broken up into a mosaic of other minerals,* 
and yet the crystal retains its external form, 
and its identity. The history of such a 
crystal, to me Herberi; Spencer’s language* is 
that of a series of heterogeneous changes* 
both simultaneous and successive, in, corre- 
spondence with external coincidences and 
sequences; and the force which has controlled 
the growth of that crystal would therefore 
answer to his definition of vitality. 

The processes of crystal formation may in 
fact be clmmed as one of the simpler^ phases 
of vital phenomena. “ ‘ Life ! ’ ‘ Vitality I ! 1] 
exclaims Professor Judd, The«# terms are 
hut convenient cloaks of our ighbrance ol 
f^e somewhat complicated series of purdy 
phydcal processes going on within plants*^ 
and animals. * Organisation ! ’ Wkji should 
the term be applied to the moIeculM ktmct#? 
erf an Amoeba or a yeast cell, and refd®ri| tb 
that of a crystal ? !! 
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1 

I Frotesor Htixley^had earlier asserted that^ 
I Vitality was only the name used for a series 
of complex physical pmcesses ; and Professor 
F Judd’s view has been often rC'-expressed^ 

. 4<^ording to Professor Mddok, ** The doctrine 
of a special * vital force * has received its 
I ' deathblow at the hands of modem science.” 
The term petroplasm, analogous to proto- 
plasm, has been invented for what Professor 
Judd called the vitality of minerals.® 

* Raphael Meldola, T/te Ohmnicd Bynthem of Vital 
ProducU^ voL i, 1904^ p. vl Professor "Meldok, in the 
remainder of the aboFe sentence, refers to the still un- 
known modes of chemical action by which organisms 
build up the products which chemists prepare by other 
processes. 

^ Professor F. R Japp, in his presidential address to 
the Chemical Section of tlie British Association at Bristol , 
in 1898, has advocated the distinction between living and 
dead matter which was proposed by Pasteur. Pasteur, in 
i, IMO, declared that he knew of no more prolbiuid dis- 
tinction between the products formed under the induence 
of life and of others ” than the absence from the latter of 
^ trot k khown as molecular asymmetry. ' But asymmetric 
comTOuads were prejmred artificially in the very year in 
; .whiw' iiJihouticed this view. According to Fro- 

.hCwoTer^, fron-vital matter can only form,. 

' ‘ eofopouadi 'In : opposite pairs. Thtta> , 

; ' foiwrim inmis wuctums all of whl^ may have"#' 

Ih^dcd' pattern'? but he, claimed that ' 

must produce both right-handed and tlie corresponding 
left***haaded kfructures ^at the same time. An iplawstlf^ 
discussion in A^ature (vols. and 69) followed this 
address, and the distinction proposed was broken down. 
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As the definitions of the teaw life am not 
very instructive, the e^ential nature of life 
can be better obtained from a list of its 
essmtiai processes. Professor W. A. Osborne, 
in his The EUrmnis of Animal Fhpsiohgy, 
1909, pp, 9-15, enumerates six essentia 
processes of life. They are— 

1. Renewal and repairi 

2. Absorption of energy and performance 

of work. ' ■ ^ 

S. Power of response to changes in itite 
environment. * 

4. Self-defence from other organisms. 

5. Growth and reproduction. 

6. Memory and intelligence. 

All of these processes are no doubt essmtiai 
to existing life, but it is quite possible to ctm- 
eeive of conditions on the early earth when 
they were not all ^smtial. The first living 
beang had no need of Belf*defence from other 
organisms. It started without a memory, while,, 
as Professor Judd has shown, the memory 
of mystals is far more retentive than tto^ of 
any organism. Further, life would probably 
have begun at a time when the ! 
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dense atmosphere l^avily laden with carbon 
dioxide and thick with water vapour, so 
on the earth’s surface there may have been 
no appreciable change of environment. Even 
at the present time life on the earth exists in 
some places where the conditions never change 
from year to year, as in deep dark caves or 
on the floor of the oceanic abysses. 

The earliest forms of life may have lived 
under conditions of such uniformity that only 
three processes were essential to their exist- 
ence. The first was the absorption of material 
as food and the rejection of the waste pro- 
ducts; but this, it should be remembered, is a 
process which organisms share with minerals ; 
for crystals also have the power of extracting 
from solutions the molecules they can use as 
food and of either leaving the rest untouched 
or at once redepositing them. Such mineral 
excreta axe seen in many crystals as included 
■ of , fojagn flatter. 

It may, howteyer, fee represented that 
organisms grow by absorbing food intemally, 
whereas minerals grow by the addition of 
noaterial on the outside. To use the tedmical 
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taMts, organisms increasHbty ifttWssMception, 
while minerals and crystals grow by accretion, 
i. e. the addition of external layers. It has 
beott often held that this difference is ‘a 
definite distinction between living and dead 
ma tter. Some inorganic bodies, however, 
grow by intussusception; and they may 
develop into plant-like forms in obedience to 
the same external influences as mould the 
shapes of plants. The plant-like growth bf 
some inorganic materials has been well illus- 
trated by the experiments of Mons. S. Leduc. 
He prepared seed-like grains from one-twenty- 
fifth to one-twelfth of an inch in diameter, 
composed of two parts of sugar mixed with 
ohe of sulphate of copper. He then sowed 
th^e grains in water containing from one 
to four per cent, of gelatine, one to ten per 
cait, of common salt, and two to four per 
cent, of ferrocyanide of potassittm. Tbie 
sulphate of copper reacts with the ferrocyaiiidO 
of potassium and forms a memhratte of ferrb- 
igranide of copper through which w»ter dstn 
pass while sugar cannot. Accordingly fchhre 
is a constant entrance of water into the grain. 
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where it dissolveii the sugar. The grain 
accordingly begins to grow. Small buds 
project from the grain, and they increase in 
length because the membrane yields to the 
internal pressure more readily at the thin tip 
than on the sides. The bud-like projections 
therefore grow into cylindrical stems. The 
bending of the stem or some other cause may 
form a weak point on the side, and a branch 
will grow out from that point; and thus the 
stems develop into plant-like tufts. If the 
stems reach the surface of the water they can 
grow no longer upward ; further growth takes 
place on the sides and produces a thin sheet 
which spreads over the water like the floating 
leaves of a water lily. Such a structure, with 
its seed, stems and leaves, is purely inorganic 
in nature ; but it has grown by intussusception, 
and purely mechanical influences have guided 
it in its imitation of complex vegetable 
gr^WthSi. : ^ 

Tie second property characteristie of life 
is the power, of absorbing from food a supply 
of energy and the power to do work. Organ- 
isms obtain tbdr supplies of energy by break- 




ice ; ana pnysicai processi^ set tree mergy, as 
in the combustion of a piece of coal. 

The third property is the capacity to con- 
tinue the two first operations and to transmit 
the power to do them to the separate parts 
of the mass after its increase in bulk has 
raidered division necessary. The living or- 
ganism is not only able to divide into smaller 
bodies, but it can transmit to them its 
power to derive energy from suitable foods 
and to divide again. This third process is 
also common to inorganic matter, for during 
the consolidation of rocks the crystals soon 
readi a size beyond which they do not grow. 
Fresh material m&f be deposited upon the 
surface of an already formed crystal; but it 
grows into septate crystals, which may in- 
crease until they reach the aze of tibiose of 
the preceding generation. There would seem 
at first sight no reason why crystals in a vast 
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subterranean reservoir of molten rock should 
not grow to gigantic size. Some of the early 
geologists, failing to distinguish between slaty 
and crystalline cleavage, regarded the whole 
mountain of Skiddaw in the Lake District 
as one great crystal of slate. But the largest 
knovui crystals (beryls) are only between two 
and three tons in weight, and such giants are 
very exceptional. Even where a thick bed 
of rock has become crystalline its constituent 
minerals are generally quite small in size. 
The average size of the crystals is usually 
only a fraction of an inch, and in most rocks 
the crystals are not more than an inch or so 
in diameter. Crystals soon reach a limit in 
size, and the deposition of the material con- 
tinues in successive generations of small 
crystals. All the crystals have the same 
g^eral properties, and the younger genera- 
tiopsigrow on the same lines as their pre- 
decessors. 

Hence all the three processes that are 
essential to the simplest foms of living 
matter are also shared by crystife. 

What, then, is the difference between organic 
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jMid iaorganic matte* ? Jie original differ- 
mee was, perhaps, only one of chemical 
i(»>mposition. The ordinary minerals are com- 
posed of silicates and earthy materials. The 
organic bodies are composed, on the other 
hand, of the elements carbon, oxygen, hydro- 
gen, ddorine, sulphur, phosphorus, sodium, 
potassium, imn, magnerium, and <mldum. 
The largest proportion consists of the earixm, 
hydrogen and oxygen; the other essehtjdi 
eJemmts are present in compamtively small 
quantities. The first formed organic matter 
was probably composed essentially of only 
carbon, hydrogen and oxygen ; it would have 
been soft and plastic; and when mixed with 
some water had the texture of a jelly. 

The problem of the origin of life is that of 
the formation of quantities of carbonaceous 
jelly under such conditions that it would 
have continued to increase until the masses 
mechanically subdivided, and the sepomte 
parts would inhmt the power to grow and 
subdivide in turn. The problem is that of 
the formation of a i^f-generatmg, reproduct 
tivci, whmaceous jelly, of such a nature that 
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it served as the b^inning of the whole of the 
organic evolution that followed. 

On the early earth the conditions were 
probably such as to have started these pro- 
cesses on some inorganic matter. The surface 
of the earth was warm and moist, and owing 
to the thickness and density of the atmo- 
sphere, its constant clouds and possibly its 
higher proportion of carbonic acid, the en- 
vironment on the surface underwent probably 
but little change ; and the temperature was 
probably almost the same night and day ail 
the year round. While the earth was in this 
stage of its development its atmosphere was 
probably rich in complex unstable compounds, 
including those of carbon, nitrogen and phos- 
phorus, which cannot exist under modem 
conditions. These materials would have been 
also held plentifully in solution in the waters 
of liie pools and would have saturated the 
mud along the sea-shore. The water-logged 
ttud ®long the sea-shore would: have proved 
a specially suitable meditim for the growth 
of the first forms of life; for the conditions 
upon it would have been imusually constant 
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ia temperatare and mois|aiPe^ and its soft 
surface wculd have fowtned an excellent 
support for the primordial Jelly. Under such 
circumstances a complex vaseline-like Jelly 
may have been deposited from the carbon 
compounds in the atmosphere, and have been 
combined with various compounds of nitro- 
gen, chloiine and phcwphoriis. The Contintted 
growth of the lumps of this material would 
have ca\ised their occasional subdivision joto 
smaller masses or globules ; and the absorption 
of various unstable compounds would have 
endowed the Jelly with internal stores of 
miergy, the setting free of which would cause 
automatic movements in the lumps of Jelly. 
Hence, under the special geographical con- 
ditions of the early earth purely chemical 
processes may have produced masses of 
carbonaceous material with a chemical com- 
pbsation now found only in organic products, 
and with the properties of subdivision aud 
movement due to mechanical and physical 
forces. This material may be r^arded as 
the immediate ancestor of the first living 
which Would have had a very much 
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simpler structure, than the cells which are 
sometimes represented as the most primitive 
form of life. The simplest living animals are 
called the Protozoa— the first animals. That 
name, however, is a misnomer. The Protozoa 
are comparatively complex organisms. They 
must have been preceded by a far simpler 
organism— the Protobion, or “first living 
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tfae vessel containing thoatv the tw© gases in* 
Btantly unite with the rapidity and force of an 
eKpiosion. 'Ebe platinum is entirely unaltered, 
and the smallest particle of it will effect the 
combinatitai of vast volumes of the two gasiw. 

Many apparently mysterious physiological 
processes, that were at one time regarded as 
the special functions of life, have now been 
recognised as the result of the purely physical 
action of catalysers. That many catalytic 
reactions are simply physical was expimhed 
by Mercer in 1842, by reference to the effect 
of manganese monoxide on a mixture of 
oxalic and nitric acids. Oxalic acid (H 2 CJO 4 , 
2 H(jO) destroys nitric acid (HNOg) by robbing 
it of part of its oxygen; but a mixture of 
these acids and water can be made in such 
l^portions that the reduction of nitric 
action does not take place. The addition 
then of a particle of manganese monoxide 
(MaO) restarts the operation, and the nitric 
add is destroyed without any apparent 
change in the salt of manganese. The «x- 
'jteiation is. that the manganese monoxide 
al^ tends to extract oxygen fmm the nitric. 
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aad in order to ppss into the condition of 
manganese sesquioxide (Mn^Og), which con- 
tains more oxygm than the monoxide. The 
nitric acid is therefore reduced by the joint 
effort of the manganese monoxide and the 
oxalic acid. But manganese sesquioxide 
cannot exist in the presence of oxalic acid, 
and the manganese sesquioxide is therefore 
instantly again converted to monoxide. It 
then repeats the process. All the oxygen 
set free from the nitric acid is therefore 
acquired by the oxalic acid. The manganese 
salt acts as a trigger which starts the de- 
composition of the nitric acid; but as it 
cannot under the conditions of the experi- 
ment combine permanently with the oxygen 
set free, it remains imaltered, and can con- 
tinue to maintain the destruction of the nitric 
add indefinitely. 

The catalysing influence of manganese is 
not Kihiteid to inqii^aiiic materials ; thus it 
has been shown by G. Bertrand^ that the 
oxidising action of the diastase known as 

* G. Bertrand, Ogur I’intervention da im^;aiiSse dans 
les oxydations provoqnees par la laccase/’ Cfonpt Bmd. 
Aeuct, Self Paris, vol. cxxiV, 1897, 1032-1038. 



.Hence on the muddy shores of the priijneval 
world the development of life may have been 
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effected in two stag#s. Firstly, the formation 
of a complex Jelly, mainly composed of carbon- 
aceous compounds which would be formed 
from the various constituents existing in the 
primeval atmosphere. 

Secondly, the development of a catalyser 
that would give this Jelly the power to break 
up the various complex unstable compounds 
available as its food into simpler and more 
stable materials; and their reduction would 
endow the Jelly with a supply of internal 
energy which would enable it to maintain 
a uniform temperature, would create currents 
in its internal fluids, and some powers of 
sluggish automatic movement. This internal 
energy would act as a vital force, and the 
appearance of the catalyser would have given 
the chemically precipitated Jelly the powers of 
indefinite increase, subdivision and movement. 

I The previous statement as to the course of 
the evolution of Protobion is indefinite, as 
it has been Vraitten without using the nam^ 
of the varied complex chemical materials that 
would have been produced during the process. 
It will therefore be advisable to consider the 
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chemical nature of the u^aterials involved in 
the evolution of this hypothetical Protobion. 

The simplest organic constituents axe the 
carbohydrates, which consist of carbon, 
hydrogen and oxygen, and axe so called 
because the proportion of hydrogen to oxygen 
is the same as in water. Thus starch con- 
sists of six molecules of carbon (C) united 
with five of water (HjO). Its composition 
is therefore GjHjjOjk Dextrose or grftpe 
sugar consists of six molecules of carbob 
united with six of water; its composition is 
therefore CgHijO^. Cane sugar consists of 
twelve molecules of carbon united with eleven 
of water; its composition is 

The carbohydrates are formed by the 
combination of carbon dioxide and water, 
during which some of the oxygen must be 
xeanoved; thus the formatich df starch is 
due to the reaction between six molecules of 
<®rbaa dioxide and five of water during which 
six molecules of oxygen are set free. 

Thus eCOg + 5H/) =» + 6CV 

The eljmination of the oxygen uses up 
energy; and the energy required is derived 
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from elecfcric disch^ges or snoUflttk A carfeo* 
hydrate (formaldehyde) has been torm^ 
artificially by the combination <rf carbon 
dioxide and water under the influence of an 
electric discharge. It has long been known 
that formic acid and formates could be 
prepared by ordinary chemical processes. 
Thus Maly, in 1865, produced formic acid 
from ammonium carbonate, and formates 
were made by Eallo in 1884 by the reduction 
of bicarbonates by sodium or potassium. 
It is true that magnesium and sodium are not 
at present found as native ekanents ; but it 
is often maintained that there was no oxygen 
in the primeval atmosphere. Hence those 
elements and potassium may then have existed 
freely on the earth’s surface. That the 
formic acid thus inorganically prepared could 
be reduced to formaldehyde by the action of 
thei 3tnetel magnesium was proved by Fenton 
in 1807.> Be also showed that formaldehyde 
could be formed directly by the actimi of 

> H. J. H. Featon, “The Reduction of Carbon IMoxide 
» For^drtyde in Aqueous Solotion,” 2ivm. Jottm, 

pp. Thia paper cob- 

taiHs refereaow to Hie prwieBS iitomtire. 
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magnesium on carbon dio:ridO in water, with' 
out pasang through the formic acid stage. 

Lob had previously shown that formalde- 
hyde could be formed from carbon dioxide 
and water under the influence of a quiet 
electric discharge. 

There is no reason why both of these re- 
actions should not have gone on in the 
jprimeval atmosphere; and thus a natural 
inorg^ic process either under the influei^ 
of the electric discharge or of li^t ttiay haye 
produced ample quantities of carbohydrate. 

The carbohydrate (by addition of nitrogen, 
which is added as a compound with hydrogen) 
gives rise to the amino-acids which have been 
described as the “ basic substances ” of life. 
These amino-acids are weak adds and have 
b?;en formed artificially, though they are 
usually due to organic agendas. The amino- 
adds are simple in structure; but many of 
their ample molecules may be interwoven into 
a very complex molecule.^ Amino-adds are 

^ 1%© iBorgmie cendenmtiGa of siiHjI® into 'i5oaLf0tBaii 
molemdes^ hm hmn Bhmtk to mmr ta mm tte 
memhem of the aoetic acid gmuf fey Tmimmr' Uformati 
Collio, ; J0um, Okem, Boc.* 1 W. oo* ^ ^ 
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converted by tbis.interweaving of fche mole- 
cules into proteins, which are the main 
constituents of protoplasm. 

The combination of carbon dioxide and 
water to form carbohydrates requires the 
presence of both these materials and the 
presence of some source of energy, such as 
light or an electric discharge. According to 
Snyder the first carbohydrate was probably 
a volcanic product, for he considers that it 
would only be formed where the carbon 
dioxide was far more concentrated than jt 
could have been either in the sea or the atmo- 
sphere. Volcanoes when in eruption dis- 
charge vast quantities of carbon dioxide; 
and the steam column above a volcano 
therefore contains concentrated steam and 
carbon dioxide. The electric flashes that 
play around the clouds above a volcano could 
effect the combination of two gases. Hence 
carbohydrates are probably formed as a 
restilt of volcanic action. Nevertheless the 
chemical and phyacal hustling that takes 
place during a volcanic erupticm is not a very 
pronaising condition for the creation of life; 




m THE MAKIHG OF THE EABTH 

and though a consideiahle cauftcoitistion of 
carbon dioxide is doubtless ncNeessary for the 
quick artificial formation of a carbohydrate 
in a laboratory, it may probably be formed 
from a more dilute solution by a very slow 
reaction under natural conditions. 

A sufficient concentration of carbon dioxide 
for the formation of a carbohydrate may be 
found around hot mineral springs chaigeri 
with that gas. „ ■ ; ■ 

One objection to the volcanic thebry rd! 
the origin of the carbohydrates is that the 
temperature would be far too high for the 
further processes in the evolution of life. It 
is almost certain that life could not have 
developed on the earth until the temperature 
of the climate fell below from 140 ° to 160 ° E, 
At any higher temperature some of the 
organic constituents would have bt^n to 
coagulate, The temipierature would be far more 
suitable on the shores of lagoons or around hot 
springs thmi above the emter of an active vol- 
cano; and those positiems would be the mwe 
suitable since the development could proceO^ 
fed its later stages in one and the same place* 
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The infcertangling of the molecules of amino- 
adds into proteins was doubtless a slow, 
quiet process. Even if the carbohydrates 
were formed by electric discharges under 
volcaipc conditions, the proteins would not 
have developed there. The simple primordial 
jelly probably acquired the more complex 
composition of the materials allied to proto- 
plasm in some quiet, shallow lagoon, where 
the waters were rich in carbonaceous com- 
pounds and mineral salts, and the sunlight 
was the source of energy. The conversion 
of the carbohydrates into proteins most 
likely occurred in water or in wet mud; for 
the essential chemical constituents of living 
matter — its five gases and sulphur, phos- 
phorus, sodium, potassium, calcium and 
magnesium — are all soluble and are constitu- 
ents of sea water. 

The carbohydrates may have slowly formed 
in shallow pools under the influence of sun- 
fijglj^t; the absptption of nitrogen from 
ammonia would have converted the carbo- 
hydrate to an amino-acid; and the fusion 
of many of its molecules into one, together 
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■with the absorption from the imter of minute 
quantities of salts, converted the add into 
protein. 

The small quantities of the mineral salts 
probably act^ as inorganic catalysers and 
gave the Protobion its vital powers. The 
c^bohydrate probably at first would be sub- 
divided by a purely mechanical process, 
which would be resasted by a sldn formed 
on its surface by the loss of water from 
the outer layer. As this skin increased in 
strength the organisms probably acquired 
the power to subdivide, apart from mere 
mechanical necessity. This step forward was 
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Phosphoric acid mtjst have been dissolved from 
this mineral, and carried into the pools ; and 
it may there have been used for the formation 
of the catalyser which endowed Protobion 
with the power of independent subdivision. 

The secret of the development of life is 
that of the development of this special form 
of catalyser. Whether we shall ever know 
its nature is doubtful, for, unfortunately, there 
is no chance of any contemporary evidence 
from fossils. Even if the mud on which this 
Protobion was formed had been preserved, its 
tissues were so soft that no trace of them can 
have been preserved. The beds on which 
Protobion grew have probably long since 
been destroyed. The development of life 
may have happened at a time as much before 
the date of the oldest known fossils as they 
are earlier than the present day. 

Palaeontology, the branch of geology which 
deals with the history of life on the earth, 
is practically confimed to the study of animals 
and plants with hard parts or solid stems 
which can be preserved in the rocks. Interest- 
ing evidence is often given by the imprints 
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of ioft-bodied aiumaJb and leaves in mud^ but 
the interpretation of such impressioi'is is 
generally difficult and uncertain. The reliable 

reconfe of former life are mainly ffiose left 
by animals with skeletons and shells, or plants 
with woody tissues. The earliest welbpre- 
served remains of animals are found in the 
rocks of the Cambrian System, and they show 
t^t the earth was even then inhabited by 
highly specialised members of most of the 
groups of the animal kingdom. There are 
po vertebrate animals (i. e. animals with 
backbones). The first traces of them have 
been discovered in the Silurian System. The 
fossils found in the Cambrian rocks include, 
however, representatives of nearly all the 
chief groups. Insects naturally did not 
theb: appearance until later, as they could 
not appear until land plants were well 
dwdoped; but of the clatshs of invertebrates 
with hard skeletons the great majority were 
already in existence in Cambrian times. It 
is therefore quite obvious that life must have 
existed on the earth for a prolonged period ; 
befeae Cambrian times. There are amon® the 



rocKs siiows tiiat the physical conditions 
under which they were laid down were as 
suitable for the existmce of hTing beings as 
some later rocks which are crowded with 
fossils. 

There is, morever, certain, proof of the exist- 


Fra. 38,— Two Ap;mndag©s of Beltlna danai, the chief 
membei; of the oldest-known Fauna (after Walcott). 

ence of life in pre-Cambrian times, but the 
traces of it are extraordinarily meagre. Some 
of the grains of phosphate of Ume found in 
the Torridonian Sandstone of Scotland have 
towi. shotth by I)r< Q., J. mnde to have stiU 
recognisable organic structures; and in 
Montana in the United States there is a small 
pre-Cambrimi fauna, nam«i after its chief 
member the Beltina fauna. Beltina (Fig. 38 ), 
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though the oldest-known. ^eHipwerved fossil, 
is a highly spedaliscd crastacean and must 
have had a long series of aneestors. It is 
thejefore clear from this and other evidence 
that in pre-Cambrian timw the world was 
peopled by a large number of highly developed 
oi-gauiams belonging to many different grodps 
and including both animals and vegetables. 
The rarity of traces is probably due to the 
fact that they had no hard parts. It seems 
therefore hopeless to expect that we shall 
ever trace the history of life far back into pre- 
Cambrian times, and we may always be depend- 
ent on theoretical considerations as to the 
development of life before the Palaeozoic era.^ 
Two explanations have been advanced as 
to why the pre-Cambrian animals had no 
skeletons. One is chemical and the other 
biological. According to the chenaical ex- 
planation the composition of sea water in 
pte-Camhrian times was such that animals 
could not secrete shells of carbonate of lime. 

^ The discovery near Lake Superior of a fossU sponge 
{aa«^ Atikokamia lawsoai) in rocks said to be still 
Iw just been announced by Dr. Walcott. The fi)S^ is 

also of a specialised lower Palw&oic type. ' • ' ' * 



The abimdant pre-jpambrian limestones show 
that carbonate ot lime was frequently* de- 
posited on the floors of these early seas } but 
it is quite conedyaWe that this material was 
not available for the formation of shells. Sea 
•water contains very little carbonate of lime, 
and the organisms that build thdr skdetoas 
of this material obtain the lime from the 
sulphate of lime which is present in greater 
abundance. The animals excrete carbonate 
of ammonium, which acts on the sulphate of 
lime, producing carbonate of lime and sulphate 
of ammonium. The carbonate of lime thus 
obtained is used by animals for building their 
shells. Now if carbonate of anamonium were 
formed so abundantly in the sea that it was 
always present in excess, then, as Daly has 
suggested, it would react upon the sulphate 
of lime and precipitate it as carbonate of lime. 
Beds of chemically formed limestone would 
accumulate upon the sea floor, and there 
would be none left for the formation of shells. 
Large quantities of ammonium carbonate 
might be produced by the prolific growth of 
soft-bodied organisms if their dead bodies 




m TtlE MAKWO THE EAHTH 

were not devoured by ca|nivorous creatures 
and were slowly destroyed only by putre- 
faeti(Hi and decay. 

Some of the sedimentary rocks of the 
Archseossoic wuld be v«-y poor in lime, because 
where animal life was scanty, the ammonium 
carbonate would not he produced and there 
would be neither chemical nor organic forma- 
tion of carbonate of lime. 

A biological explanation of the absence of 
skeletons has been suggMted by Dr. J. W. Evans. 
It also involves the absence from pre-Cambrian 
seas of any flesh-eating animals. External 
shells and skdetons are usually developed as a 
defenw against the carnivorous animals ; while 
ip^ernal skeletons give thein owhers powers 
of rapid movanent either for esoape from 
tlieir enemies or for the pursuit and capture of 
their prey. The earliest specialised animals 
were douhtiegs v^etarian. They probably 
lived on the microscopic plant life floating in 
the sea. The adoption of a carnivorous diet 
must have been a subsequent change. Aceord- 
ingly when all animals lived on vegetable? 
food none of them had any need of hard shells, 
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Under prmtire many differeal; animals 
were forced by natural selection at about 
tbp same time to develop shells. With the 
exceptions oi animals of special hal»ts or 
perhaps repulsive taste only those surviV'^i 
that made this change. Thus there was a 
simultaneous development of shells in many 
different classes of organisms, and they were 
ail able at the same period to leave their 
first records on the sands of time. 

This theory has one defect. Many hard 
parts hre of us^e at m^hanical supports and 
not for defmee, Thus soft-bodied animals, 
as in some corals, live in an exposed layer 
around^ an axial skdeton; Birmiehing skele- 
tons are pften useful as they prevent the 
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coloiues being rolled ab§ut by waves or 
damaged in the snrf, or as they raise the soft 
parts above the muddy or sandy sea bottom 
into purer water, or as they increase the area 
from which oxygen or other foc^ can be 
collected. Such adaptations to the physical 
forces that acted in the pre-Cambrian seas 
would have been as useful then as in later 
times. Moreover, burrowing animals such as 
worms doubtless lived in pre-Cambrian times ; 
but there are very few traces of item, and 
they first appear in any abundance with other 
mumals at the beginning of the Cambrian. 

, It is dear that, from whatever caiise* 
animals first began to develop shells and 
calcareous supports at about the beginning 
of Cambrian times. 

For an explanation of the origin of Life 
we may always be dependent on the possible 
ipdhc^ suggested by physiologists. But 
those theoretical methods, it is unfortunately 
only too probable, we shall never be able to 
test by the contemporary records found In 
rocfcs. 

Jidy 19IS 
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is to be coogrtlufeted oft bis cotimg® and s»cce». 
It IS atmenk to ima^tne how a better accocmt of Frwicb Lit«r*to»e 
amid be given in two hundred and fifty small pages than be bis 
givdn, b«e.**-*-2n^ Times, 

39. ARCmTECTUME 

By Prof. W. R. Lethaby. (Ovtr forty THustrations.) “Popular 
guide-books to arcbitecuire arc, as a rule, not worth much. This 
volume Is a welcome e)fception.’'~-/?»/fMm^ AViw, “ Delightfuny 

.. bright rmdmg."'~C4r£rhi*» 

43. ENGLISH LITERATURE ; MEDIEVAL . 
By Prof. W. P. Ka», M.A. 

45- THE BNGUSH LANGUAGE 
By L. PiMiBAU- S mith, M. A. 

Ik Preparatiom , 

AmmWAnT AMO ettVAL. ByMfaijAiw Has«.sok, 

' ' . ms RSMAtSSAMCS By Mrs R. A. TAVto*. 

ITAUAMASr OS TMS SSMAISSAMCS. By Roc*at E. 
Put, M.A. 

SMGZ/Sff COMPOSITIOM. By Prof. Wm. T. BuBvfsmtK. 

GEBA T U^BirmS OB AMMkiCA, By Prof. W. P. Twwt 
and Prof. J. EesiciwX 


mBAT.WBitMBS OB BmSU. 
’W»IOMT^.|dUl>« 


By C. 


tm LiTMBAmBBm GBBmAm . % ivoi i a 

.. , Ikonmrmif, HJk,, FhJD. . , , , > , ' 






Science 


7 . MODERN GEOGRAPHY 

By Dr Maiiok ^Newbigin. (Illustrated.) ‘*Geogmpliyt again: 
what a dull, tcdjous study^ that was wont to be! . , . But Miss 
Marion Newbigin fevesis its dry bones with the flesh and blood 
of romantic Interest, taking stock of geojg^raphy as a fairy-book of 
science.*’— Tde^mfk. 

9 . TEE EVOLl/TION OF PLANTS 

By Br D» H. Sco'rr, M.A,, F.R.S., late Hon.. Keeper of . tbe 
Jodrell Laboratory, Kew. (Fully illustrated.) **Th,e information 
which the book provides is as trustworthy as first-hand knowledge 
can make it. . . . Dr Scott’s candid and familiar style makes the 
difficult subject both fascinating and easy.*’- — Gank^rs^ Ckrmick, 

ty. HEALTH AND DISEASE 

By W. Leslie Mackenzie, M.D., Local Government Board, 
Edinburgh. “The science of public health administration has 
had no abler or more attractive exponent than Dr Mackenzie. 
He adds to a thorough grasp of the ijroblems an illuminating 
style, and an arresting manner of treating a subject often dull 
and somctiines unsavoury.”— 

18 . INTRODUCTION TO MATHEMATICS 

By A. N. Whitehead, Sc.D., F.R.S. (With Diagrams.) “Mr 
Whitehead has discharged with conspicuous success the task he 
is so exceptionally qualified to undertake. For he is one of our 
^eat authorities upon the foundations of the science, and has 
the breadth of view which is so requisite in presenting to the 
reader its aims. His exposition is clear and striking.”— 
miftskr Gasette, 

19 . THE ANIMAL WORLD 

By Professor F. W. Gamble, D.Sc., F.R.S. With Introduction 
by Sir Oliver Lodge. (Many Illustrations.) “ A delightful and 
instmctive epitome of animal (and vegetable) life. ... A most 
fascinating and suggestive survey .” — Marning Post* 

20 . EVOtUTION 

By Professor J. Arthur Thomson and Professor Patrick Geddes. 
“A many-coloured and romantic panorama, opening up, like no 
other book we know, a rational vision of world-development*” — 

Belfmt Nmat'-LeiUr, 

22 . CRIME AMD IJVSANirr 

By Dr C. A. Mercier, F.R.C.P., F.R.C.S., Author of “Text- 
Book of Insanity,” etc. “ Furnishes much valuable information 
from one occupying the highest position among medico -legal 
psychologists.”— /SI Mms, 



tt psrcmcAL msEAMCff 

‘B4ml ColteM 

or' Scwnce, IDiiWitt, **Ai » farftw P«*i4*at lof 

I%y4lki^5ttl K«i^cli Society, » i« fftwIHur w^itli *11 tli« d<fev«lopi»«iits 
i»f illi mmt imcAm^ng IsEmscIi af tcktic*, mi Aw wfet* b« hsit to 
»!■ 00 tl(Oiiglit-r<e»diiiit, hypootliWi, cryMtd^wion, spirit- 

■ uailsM, divinittgs, iurd to oii» wlli m wad with avlwlf 
Cmrkn 

31. ASmOMOMT 

By A. Hmitt, M,4.» Clfef tolittol, CatokMf# OterfSitory. 

ift thooglit, oclictic lo sttbstanc*, mod critical In treat* 
aeot* , , * Ho bettor Hltle book is amikblo.**— IV-erM, 

32. INTMODUCTIOM TO SCIBNCB 

By |. AitTMOit M.A.* i|«fiiis Brofew# of Hatiital 

History, AbeKifew Hoivemity. ** roc tbow wbo atve aot ^yet 
become possessed of tb« Library, this would fora iwt awroprkte 
introduction. Professor Tbomson^s deiigbtfwl literary styw k well 
known ; and bere be ditccmrtes freshly and easily on m« nuethods of 
science and its relations with plillwophy, art, religion, and practical 
Efe.”***d hrdim 

3^.^€LmATE AND WEATHER 

By H. H. -Bfcfe&oi*, l>,Sc.Oxon., M.A.^ President of 

the Royal Meteorological Society; Professor of O«o«aphy in 
■ Hnivfcrsity College, Reading. (With Diagrams.) ** The: author 
has succeeded in presenting in a very lucid and agreeable manner 
the causes of the movement of the atmosphere and of the more 
stable winths. The information throughout ap}>ears to be reliable, 
and is certainly conveyed in an attractive iovmJ'’'<~-Manck€st£r 
: ■ . : CM^rdi'mn, 

4!. AMTI/mPOLOGV 

By R. R. Makstt, M.A», Reader in Social Anthropology in Oxford 
tmiverdty. An absolutely pmfett handbook, so clear that a child 
eould undera^nd k, m fascanating and buamii that it beats ictioa 

44. TEE PRINCIPLES QF FJffYSIOLOGV 

By Prof. J. G. McICshd«icic. M.D. 

4(1 ‘MATTER ANJ[> ENMMGY 
. ^ ^ 
m,\E$f€mLOGr, rm 'srmr of 

' By' Prof. W. McDowAtt, F.R.S., M.B. 

Ih Prefaratioh 

, ' MJCMCmJtCJtrr. ByDrGi$»KKyJCam 
CEMMISTKV. Fy ftof. R. MttOOLa. 
TMMMAJtmGp^TMSJSAMm. By ftoC W* 

: ^TM^mksMA£.'WaJiJLD. By Sir H. Hosutawn, 

: , ' ‘‘ AT W4if MOPr ^ Dr % Kmntm,^ M.D., R.R.CS* 

; •' . AT By Prof. J. B. PIwMt, F*RB* 



iS- MOHAMMEDANISM 

By PfA D. S. Marcououth, M.A., D.titt. “This generoai 
shillings worth of wisdom. ... A delicate, hamorous, and mosi 

respoQ«W« tmctete by « illaminativft professor.**— Maii, 

4Qe TBE PROBLEMS OF PHILOSOPHY 

fy tlie Hon* Uektkai«p Bussell, book bat th< 

m once to be a boon, . . , Con- 
siiltently mckI and non-tccbiniad tbronghout.”-H^7jlm//«« W^rld» 

47- buddhism 

liy Mra Rhys Davids, M.A. 

SO- NONCONFORM ITY: ITS ORIGIN AND 
PROGRESS “■ 


In Preparat ion 

7’.ff‘S'7V<.ilf£rA''7'. By Prof. Geokgs Moore, D.D., 
olf TMSTAHEN-TS. By 

'tBJE EEH' testament. By Prirf. 
B. W, Bacon, Litt.D., D,B. * 

J- Estuk Carpenter, 

^ ON FEBEDOM OF THOUGHT. By Prof. 

J. is. JOURV, Ltr.D. 

ETHICS. By G. E. Moore. 

MISSIONS. By Mrs Creighton. 


Social Science 


I, PARLIAMENT 

Ito Histow, Constitutwn, and Practice. By Sir Cowrtenay P. 
Ilrert, K.C.B., K.C.S.L, Clerk of the House of Commons, “ The 
best hmk on the history and practice of the House of Commons 
since Bagehots *Comtitution,**’-— F<7P'irdrA?V<f Pos^, 

Sr STOCr EXCMANGE 

'Bv B‘, W. Bimr, Editor of '“The Economist,** ** A little treatise 
which to an unfinancial mind must be a revelation. . . , The book 
IS as clear, vigorous, and sane as Lombard Street,* than 

which there is no higher ccmplimtintP^M^rmt^ Leader. 

6, IRISH NAT/ONAUTT ^ ' 

By Mrs J. P. Green. As glowitsg as It' Is' leamed. No book 
could be more timely. ** A powerful study. ... A 
magnificent demonstration of the desMared vitality of the Gaelic 
spisitP’-Freeman's JoumaL 




3By I* A* M.A* &*r J* ii. nomm mm m ummx 

porfaten among llWng tCMOunfai*. ... TN text-Wk mmcm m 

aU<w»her admimbl*. Oripmal, «MobbM«, aad aSwnfaatmg.”— 

31. LIBERALISM 

By L. T. HoaBotraa, M.A., Prof«Mw of SocJtife||y in dm UnkWty 

£ se fot tht m]^ mM maEtwfy si««wiji^ m IM » *1^ ^ 

irlotiplet wMcii fomj a lari^ part of ^ts ^ 

24 . Ti/B E VOLUTION OF moVSTRY ; ; 

“" " K‘*H. MACGftEOORy k.Ar/Pr<»f««»r')>^ W fe 

■ tlite Viti’smAy of Leeda. ** A i|o in ttfWi usay 

'■■■ ' he tend wicli profit all mt«f«§»d It itafft df 

' i.' • 

2 ^. AGRICULTURE , : 

By Prof. W. Somerville, F.L.S. 

00. ELEMENTS OF ENGLISH LAW if 

'-"' ■'^feyWrM. Gkldart, M.A.7B.C.L.,,Vir)erian Profewr of' Eagltt' ■"' 

"■ ' .lavr-at Oxford. ** Conttina a very clear account o'f thealementary 
-oriuciples iinderlyi.r« tU rules of Englwfef.law ; and 'wc caiirecoa- •/ 

' .' »«ad It to all who wi» to l>eco«e accitiainted with^ these elemeaiary , 

■ ■' '■ peindples with m ■laittimura of trtsuhie*’ A -kw Tifms. . 

18 . THE SCHOOL '■./■rt 

^ An Intr&dmtim 'm tU Siulf H ^ 

By I. T. fmmh% M.A., ^Mmm «f Edofiatioft fa 

Mattch«ter Oabewlty. **Ati amMWfly «iti«nensive voUime. 
a , * It is a remarkaote mrfflcmaace, idwltwhiwc(| in ns crisp, 
^l^hr^ology as well ai its m- sub^cct-maiter. 

. Iw PRBPARATIOtf 

TEM EPVL ET/OE of CJtTiSS* By Frot Patri c k G r does, 
MSMl^rSaFm£.mCAl MWEaMF. By Fmf. S. J. 

COMmE^SMSSE /Emm ByPstof.lKVilW^HADOFr, D-OLa 




